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Preface to the 
Fourth Edition 


When the first edition of this text appeared, m 1932, it uis 
the authors' belief Uni ph)sio!ogy should not be valued solel> as a tecli 
ntctl stud}, but should be considered rather as a tlestrableaddition to an} 
student’s general knowledge, whatever the career for which he is being 
prepared The passage of ihirt) )cars has not changed this belief, in fact, 
more than ever, the lajman cannot consider himself well informed and 
still remain ignorant of basic ph)sioIogy and some of die more recent 
advances in physiological science Therefore, this book has been planned 
to meet the needs both of those students who must acquire a firm ground 
mg m physiology in order to continue tlieir studies in this and related 
fields, and of those students who intend to go no farther in the area 
Readers will find that this edition is a careful revision of the previous 
one, which, m turn, was a greatly altered and expanded version of the 
first two editions ^Vhlh th^im of bringing material tip to date, within 
the framework of the origli^nj scope and ami of the text, a simplified 
account has been given of tlie nucleic acids, DNA and RNA, together 
with a discussion of the very live question of their significance in the 
processes of Jieredit) Again, re/Iecting scientific progress of the last seven 
years, infonnation on problems jiertainmg to space flight has been added 
Tlie section on the structure ami physiology of the cell has been ex 
panded, aiheiosclerosis has been more fully dealt with and the moot 
question of <het in relation to its devefopment discussed, and a short 
outline of the collagen diseases has been included In a number of 
instances practical appitciiions of scientific facts have been added Many 
new illustrations were prepared lor this edition, and a number of the 
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oUl figures have been redrawn or modified The Glossary Ins been 
expanded and reused 

It IS uiih pleasure and gratitude that we acknowledge the careful 
reading of the manuscript b) Professor Richard C \\'olf of the Unher 
sJty of Wisconsin The text has benefited from his criticisms and 
suggestions 


N li T. 

Toro«/o Cannda 
February, 1963 



Contents 


Part I. GENERAL PRINCIPLES 

CIIAPTm 

1 Atoms atjd AfoJecuIes § 

2 Protoplasm 

Part If, THE SKELETON AND THE MUSCULAR SYSTEM 

3 Tlie Skeleton S| 

4 The Muscular Ssstem ruiiciional An.uom) anti Plnsjologs 7^1 

5 The Musculai Sjsieiu (coiitmuetl), Descri])Uon of Indisidual 

Muscles 0^ 

Part III. THE FLUIDS OF THE BODY 

fi Tli>i rqpfpnng nnit r.nnnK><Hion of the Blood 

7. The Red Blood Cells Hemoglobin Anemia Blood Cloiling " 
Hemorrhage. Transfusion Carbon Mono'cide Poisoning J5S 

8 The Spleen The M'hite Blood Cells, or Leucocytes The 

Platelets 171 

9 The EMHivascular Fluids, the L)mphatic System 178 

10 The Control of the Reaction of the Blood and Other Body 

Fluids 18G 

11. Defensne Mechanisms ag-ainst Disease Chemotherapy Anti- 

lunijrjt iuxiyuad Mmci Aruyih^iJaxis and jVJler^ J88 

Part IV. CIRCULATION OF THE BLOOD 

12 General PJ.an of the Cirriilaior) System 200 

13 Descriptions of Jndniduil Arteries and Veins 212 

IX 



X - Confenfs 


CHAPTER 

H The Action of the Heart 
!5 The Arterial Blood Pressure 

16 The Origin of the Heartbeat 

17 The Regulation of the Ciixulaiion 

18 The Circulation in Ccrtiin Special Regions of the Body 
Effect of Gravity upon the Circulation 


Port V THE PHYSIOLOGY OF BREATHING 

19 The Phjsiolog) of Breathing 

20 The Ph)Stology of Breathing (continued) Gas Exdianges 

21 The Control of the Respirations Artificial Respiration Ano'^’^ 

22 The Larynx the Organ of the Voice 

23 Muscular Exercise and Physical Training 


235 

213 

253 

2G0 

266 


Port VI THE PHYSIOLOGY OF DIGESTION 

V 

21 General Princples Involved in the Digestion of Food 

25 Preparation of Food in the Mouth, Its Passage into 
Stomach 

26 Digestion in the Stomach 

27 Digestion in the Intestines 


324 

340 

356 

866 


Part Vll METABOLISM AND NUTRITION RENAL AND 
CUTANEOUS FUNCTIONS 


28 Metabolism 

29 The Regulation of the Body Temperature 

30 The Metabolism of Carbohydrate Fat Protein, and Purid^ 
DNA and RNA 

31 Nutrition Minerals anti Vitamins 

32 The Kidneys and Si^in 


392 

399 

407 

421 

434 


Port VIII THE NERVOUS SYSTEM 

33 The Microscopic Structure of the Nervous System The Nef^® 
Impulse Receptors The Nature of Sensation 
5i The Functional Organization of the Ner,ous System Ref^®^ 
Action Reciprocal Innervation 



Confenfi - xi 


CHAPTER 

35 The Spin-il Cord and Nerve Trunks Degeneration and Regen 

ention of Nene 470 

36 The Disiribuiion of the Spiml Ner\es 477 

37 The Brain or Encephalon Cranial Nerves Autonomic Nervous 

Sjstem 490 

Port IX ENDOCRINE, OR DUCTLESS, GUNDS 

38 General Description The Pituitary Gland, or Body 532 

39 TheThjroid Chnd 516 

40 The Adrenal and Parathyroid Glands 5a5 

Port X THE SPECIAL SENSES ^ 

41 The Physiology of Vision 561 

42 The Physiology of Vision (continued) 573 

43 Interpretation by the Brain of Impulses Received from the 

Retina 583 

14 Opticnl Defects 590 

45 Color Vision 596 

46 Tlie Physiology of Hearing and Equilibrium 601 

47 The Senses of Smell and Taste Cutaneous Sensations 621 

Port XI REPRODUCTION 

48 Fundamental Principles 630 

49 Reproduction in Mammals 638 

Glossary 679 

Appendix 701 

References 7)6 

Index 723 



GENERAL PRINCIPLES 

PART I 


CHAPTER 

1 Atoms and Molecules 

2 Protoplasm 
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Atoms and Molecules 


THE ATOM 

AH matter Ining or nonli\ing is made up of inconceivably 
small particles called atoms \ioms may therefore be looked upon as the 
building material from which e\eiything we see feel touch and taste is 
made Atoms make up the air we breathe and our food and water 

Atoms are of different i>pes an atom of iron for instance is differ 
ent in sire and in weight from an atom of gold and a gold atom is 
different again from one of silver of copper or of carbon Maternls that 
are each composed enmely of one t)pe of atom such as iron gold cal 
cium phospliorus sodium carbon ox)gen etc are called elements 
The atom itself is made up of minute particles or units of electricity 
— protons efectrons and neutrons Pioions are units of positive efec 
tncit) whereas electrons are units of negative electncitj Neutrons are 
electrical!) neutral Electrons are believed to revolve at high speed in 
concentric orbits around a central core or nucleus composed of protons 
and neutrons (Fig 1 1) The protons and neutions are Iield together in 
two pairs to form alpha particles vvliich are shot out at Iiigli velocit) 
from radioactive atoms The nucleus of the atom is made up of alpha 
particles 

The atom may be compared to a miniature solar system the elec 
irons representing the planets and the nucleus the sun If the atom could 
be enlarged until its nucleus nas the s«e of a baseball the electrons 
would be tlie sire of golf baits whirling around the nucleus at high speed 
ffitd safprcTCev? fratn t( by a rmhs 

The atom then is mostly empty space the electrons are held in 
their orbits at these relatively immense distances from the nucleus by 
powerful forces It has been estimated that if these foices could m some 
V a) be annulled so that the electrons and nuclei of all the atoms in our 
bodies came together into a compact mass we would shrink to a speck 

3 
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scarce!) \isible to the naked e)c Trulj we are sucJi siufl as dreams 
arc made on 

The piopcrties o( an) particular ijpe of atom dcjiend ujxjn ilie 
number of protons in Its nucleus \i) atom of non fur cxiniplc possesses 
more protons than an atom of ox)gcn or carbon or calcium but feuer 
than an atom of copper or amc. One proton more or less in an atom is 
sufTiaent to alter completely its cltaracier and the properties of the nnss 
of substance of tshich the atom is a part Tlie protons are ill alike it is 
their number that makes the dilfcrenccs among atoms The number of 
electrons in an atom equals the number of protons the atom as i nholc 
IS therefore electrically neutral 

This concept of (lie atom leads up to the conclusion that the inrmitc 
saricty in the ssorld around us is simpl) a matter of the ntimbcrs^of 
protons and electrons in the atomic structure The greatest number of 
protons or electrons in any atom is only 101 and the smallest is 1 
{hydrogen) The other atoms fiaic numbers m an afmost unbroken 
senes in bctucen 

The moiemcnts of our muscles the beating of our heirts the (hges 
non of our food the heat of our botlics and cien our thoughis are the 
result of the motions of aionis of different kinds— carbon hydrogen 
oxygen etc — coming together at one moment in ililfcrcnt scis and com 
bmaiions and separating agatn ii aiioilicr Chcinti tl change is occurring 
ceaselessly in our Ixxhcs asL.iioisicr the great Ficiuh chcimsl said more 
than a cemun and i half igo Im tical tine function d ttuqnc * 


“Life is a tl 


li lu c( 
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Carbon, of all the atoms is the most charactenstic of life * It is the 
\er) essence of animal and \egetable matter and has made possible the 
deselopment of living things Had the earth been created without car 
bon which seems such a commonplace substance there would have been 
a desolation of rock and water for all eternity Never would a tree or even 
a blade of grass much less the human race hive come into being 

Isotopes The atoms of any single element, say of ox)gen or chlorine, 
have not all exactl) the same weight as has been taught for many years 
The atomic weights of the elements as given in standard tables are 
average or mean values for immense numbeis of atoms For example, the 
atomic weight so given for chlorine is S5 45 But no individual atom has 
this weight some have a weight of 35 others a weight of 37 These 
atoms of diderent weights are called isotopes, many are radioactive like 
radium, that is they have unstable nuclei tliat shoot out particles or 
rays at very high velocities (20 000 to 100 000 miles per second) The 
diderent vveights of isotopes are due to their possessing diderent numbers 
of neutrons m their nuclei, the number of protons and electrons in the 
atoms of any given element is the same 

Radioactive isotopes are produced artificially and are now widely 
used in medicine, as (or example the destruction of ilie tissue of mabg 
nnnt growths and in biochemical experiments isotopes of iodine are 
employed m the treatment of toxic goiter 

MOLECULES 

When tno or moie atoms become /oined icgedier, the piriicJe that 
results IS of course larger and heavier than one composed of a single 
'Horn It is then called a molecule For example sodium (Na) md chlo- 
rine (Cl) atoms combine to form sodium chloride (NaCl — table salt) , 
two atoms of hydrogen (H) combine with one of oxygen (O) to form a 
molecule of water (H O) , or an atom of caibon (C) unites with t\vo of 
oxygen to form a molecule of caibon dioxide (CO 3 ) The molecules so 
formed and of course the substances they constitute are entirely diderent 
in character from tfie separate atoms T7ie element sodium is a caustic 
solid and chlorine a highly irritating and poisonous g-is whereas sodium 
chloride is a relatively mild and harmless substance essential for most 
living processes Again hydrogen and oxygen are gases but they unite 
to form water 

^Vhen the molecules of a compound break down into the atoms of 
winch It IS composed the process, or dicmical reaction, invohetl is called 
decomposition When, for example, a compound of mercury and oxygen 
(a red powder known as mercuric oxide) is heateil to a high temperature, 

" Cliatcoal coat the tliamoiid and Uic kad iii a pencil are cxjniplrt of [ me 
carbon 
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the original metal appears The oxygen with whicli the mercury 
combined is split off from it and escapes Frequently decomposition and 
combination proceed simultaneously — for example when two compounds 
are brought together in solution and two compounds quite different from 
the original ones are formed Thus sodium chloride and siher nitrate 
react to form silver chloride and sodium nitrate The four types of atoms 
have undergone a rearrangement Such a reaction is called double decom 
position Chemical dianges or reactions are, therefore of three main 
types — combination decomposition and double decomposition 

Molecules may contain two atoms only or a very great number Very 
many different Linds of atom may be present in the larger molecules 
It IS large and heav7 molecules such as these that comprise the protein 
materials of the living body The molecules of the fats and of some carbo- 
hydrates are also hundreds of times larger and heavier than a molecule 
of say, sodium chloride Could a molecule of certain proteins be enlarged 
to the size of a pea the molecule of sodium chloride if magnified pro- 
portionately would be no larger than a pinhead 

Molecules are in constant motion They are ceaselessly changing 
their positions moving to and fro or bounong about like a number of 
rubber balls thrown upon a hard floor In solid materials these move 
ments are less lively than m liquids and gases and are probably of an 
oscillatory nature only In gases the movements have no limits Air for 
instance is a mixture mainly of the molecules of the three gases oxygen 
nitrogen and carbon dioxide And no matter how still the air may appear 
to be the molecules are in ceaseless motion colliding with one another 
or With solid objeas and flying off again m another direction If confined 
Vfvthvw a bottle or other vessel they beat agavnsi the vessel s wa.U and 
when allowed to escape start on an erratic journey that may take them 
anywhere — even to regions miles above the earth 

In liquids the motions of the molecules are less rapid though just 
as ceaseless Heat speeds up the movements cold slows them down In 
liquids and in solids the molcailcs are closely packed m gases their 
distances from one another are much greater By compression the mole- 
cules of gas may be brought closer together and the gas pressure rises 
if the molecules are packed densely enough, liquefaction or even sohdifi 
cation of the gas occurs 

Colloids IVhen enormous numbers of atoms become grouped to- 
gether the molecule becomes so large dial it can be faintly seen and its 
movements detected by an extremely powerful microscope (uhramicro- 
scope) Such huge molecules are spoken of as colloid particles (Gk kolla, 
glue), and the substance they compose is called a colloid Often such a 
molecule is too lai^e to pass through the pores of an animal membrane 
sucli as parchment frogs skin or the intestinal wall The molecules of 
proteins starches and fats are of such a size These large molecules have 
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a tendenq to cling together, as grains of clay cohere to fonn lumps In 
this uay reJativelj colossal particles are formed. 

Colloidal solutions. Molecules massed together in this t%ay, or e\en 
very large single molecules, form solutions that differ in Sescral respects 
from those of the smaller molecules, ri'hfch make up such substances as 
common salt, cane sugar, copper sulfate, etc. We therefore speak of 
these solutions as colloidal solutions and of the solutions of Salt, cane 
sugar, etc., as crystalloid, or mie solutions. 

Liquid glue or gelatin, boiled starch or liquid rubber, India ink, 
tvhite of egg in water, and blood scrum are examples of colloidal solu- 
tions. ^^any colloidal solutions readily change to a more or less solid 
state when treated in certain tmys. When glue or gelatin, for instance, is 
dissolved in hot vv’ater, solidification or jellying occurs when the solution 
cools. This cliange in state is due to the fact that tlie relationship of the 
colloid particles to the Vvater in which they were dissolved becomes 
reversed. In the fluid condition the particles are separated from one 
another and surrounded by the water. In the solid state the particles 
cannot move, for they have become joined together to form a meshwork 
that encloses the droplets of water (Fig 1 2). The fluid state is termed 
hydrosol; the gelatinous state, hydrogel. 


Pig 1 2 Diagram to show the 
rearrangement of the portkles 
when a sol changes to a gel 

BroTvman movements. The English botanist Robert Brown in 182S 
observed under a povierful microscope random and erratic movements 
in a colloidal solution. These so-called Brownian mot'cmcnfs are due to 
the ino)ecu]e5 of water, or the small molecules of crystalloids in the solti 
tion, colliding at high Speed with the large colloidal panicles and 
knocking them about. 

Ions. \Vlien two atoms combine they do so by sharing between them 
one or more of the electrons in the outer ring of each atom As long as 
the chemical substance is in the solid state the atoms are held together 
by electrostatic forces, but the molecules of certain substances, such as 
sodium cliloride (NaCl), hydrochloric acid (HCI), and sodium hydrox- 
ide (NaOH) , when dissolved in water undergo dissociation or ionization. 
That is, the atoms, or certain groups of atoms, separate from one another 
and b«Ofne eleciricaUy cliarged. Illzen sodiuin chloride, for evamplfc it 
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dissohed m A>ater ihe sodium atom loses an electron— tint is a negatise 
charge — to clilorine and consequently becomes electrically posiuse The 
chlorine atom since it gains an electron becomes electrically negattse 
Such cliarged atoms mote swiftly through the solution and are called 
ions (Gk ton going) 

Oiher substances beha\e m a similar manner Hydrochlonc aad dii 
sociates into the positively charged hydrogen ions (H+) and the nega 
lively charged chlonne ions (Cl“) and sodium hydroxide into posiine 
sodium ions (Na*) and negaine hydroxyl ions (OH") 'W ater itself » 
sery slightly dissoaated into H+ and OH ions 

Substances whose molecules behase m this way svhen dissohed in 
water are called electrolytes When an electric current is passed through 
a solution of an electrolyte the negative ions (") travel to the point 
where the current enters the solution (anode) and the positive ions (■•■) 
move to the point where the current leaves the solution (cathode) The 
negative ions are therefore called anions and the positive ions cations 
Thus when a current passes through a solution of sodium chloride 
(NaCl) the sodium cations (\a+) collect at the cathode and the nega 
live ions (Cl ) at the anode (Fig 1 3) This effect iv called electrolysis 



f g 13 Eleetrolyi s As an elect c 
cur ent passes through o solution of 
sod urn chio tde (NaCI) the post 
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D ffus on \\ hen tv\o solids are phcetl in close contact no iniercliatige 
of molecules take place between them But when two sariij les of a gas 
of different concentrations are brought together molecules of the sample 
with the higher concentration move to the one vsitli the lower coriccntra 
tion until the molecules are evenly mixed and the two samples arc of 
uniform concentration Thus when a pungent gas such as bromine is 
released into a dosed room it can be smelled after a time in all parts 
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or the room e\€n though there are no air airrents to mix it with the air 
This process which also occurs though much more slow!) between 
certain liquids and substances in solution is due to ilie spontaneous 
movements of the indnidual molecules or ions and is called diffusion 
Crystalloids diffuse rapidly as compared with colloids which do so sery 
slowly or not at all Diffusion occurs also across certain membranes 

Dolysis It has just been stated that whereas crystalloids are readily 
diffusible and will pass through a membrane such as parcliment the 
colloids which nre nondiffusibJe are held back- It js possible therefore 
to separate cr)staIIoids from colloids in a solution containing both The 
process of separating these two substances by means of a membrane is 
called dial)sis 

Let us suppose that a bag or tube of parchment is filled with a solu 
tion of sodium chloride containing a colloid such as gelatin and immersed 
in water or a weaker solution of salt Molecules of salt piss rapidl) 
through the membrane from the stronger solution to the water or weaker 
solution surrounding the bag Water molecules pass m the opposite 
direction to take the place of the salt molecules This interchange of 
molecules continues until the solutions on the two sides are of uniform 
sale concentration IE the solution surrounding the bag is repeatedly 
removed and replaced by pure (that is distilled) water the salt is 
finally completely removed from the solution \vithm the bag leaving 
only the colloid maiernl 

Osmosis osmot e pressure Membranes differ constderabi) with respect 
to their permeability to molecules of various sizes Some allow the pas 
sage of small molecules of water and crystalloids but are impermeable 
or nearly so to the larger colloid molecules Other membranes again 
although permeable to water molecules are impermeable to the larger 
ones such as those of salt or sugar A membrane that will permit the 
transfer of water but not of a substance dissolved in the water is called 
semipermeable to that speafic solution Such a membrane belnvcs is 
though It were n sieve with a mesh or openings of a certain definite size 
Any molecule smaller than the openings will pass through larger 
moleailes will be birred 

Isow if water should be separated from a solution of sugar by a semi 
permeable membrane that allows witer but not the sugar moJecnles to 
pass through it water will pass into the sugar solution but the sugar 
molecules cannot pass out The sugar solution becomes diluted and 
increases in volume and if it were in a tall narrow container its level 
would rise that is ns pressure would be increased The sugar molecules 
act as though they attracted or drew the water molecules across the 
membrane This process in which water is transferred across a semi 
permeable membrane is cilled osmosis and the pressure thus created is 
called the osmotic pressure Uy means of an osmometer, a speciall) con 
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structed chamber made of rigid walls and a membrane supported by 
resistant but porous material, enonnous pressures can be developed 
through osmosis (Fig I 4) . The greater pressures are developed by solu- 
tions of crystalloids, the pressure developed by colloids is very small 

^V'ater molecules ahvajs pass through a semi- 
permeable membrane from the weaker to the 
Stronger solution The stronger solution has the 
greater osmotic pressure and is called h)pertonic; 
the weaker solution is called hypotonic- Two so- 
lutions are said to be isotonic if ihej esert equal 
osmotic pressutes When isotonic solutions are 
placed on either side of the membrane, no water 
accumulates on either side and no osmotic pres 
sure 15 developed 

Osmosis in vital processes. The principles of 
dialysis, osmosis, and osmotic pressure are of the 
utmost importance in living processes. The van 
ous structures of the body are made up of 60 to 
$0 percent water, m which are dissolved many 
aystalloid and colloid substances. Food elements, 
minerals, enz)raes, vitamins, and hormones pass 
b) diffusion from the blood through the walls of 
(he capillaries into the fluids surrounding these 
vessels and bathing the cells of the tissues Theen 
velopes of the tissue cells and the walls of the cap- 
illaries themselves are seraipermeable membranes 
of different types, thus they act m a selective 
manner toward the various substances dissolved 
in the blood and body fluids Osmosis, therefore, 
enters largely into the processes involved in the 
interchange of fluid betv\een the blood and the 
fluid of the tissues, as well as between the tissue 
fluid and the interior of the cells It pla)s an 
essential part as well m the production of urine 
The absorption of water from the soil by the 
roots of plants and trees and the rise of sap in 
the stems and trunks also depend to an impor- 
tant degree on osmotic forces 
Acids and bases Hydrogen ion concentration pH Everyone knows in 
a general way the characteristics of an acid. Acids have a taste usually 
described as sour — like vinegar or lemon juice; they turn blue litmus 
paper red Lye (sodium hydroxide) and slaked lime (calcium hjdroxide, 
us^ in making mortar) are common examples of bases. They usually 



Fig t 4 Osmetic pressure 
A soc formed of a semi- 
permeable membrane is 
fastened to one end of a 
gloss tube The large dots 
represent sugar molecules, 
the small ones, water mol- 
ecules Water posses 
through the "pores" of the 
membrane os indicated by 
the arrow The pressure 
within the sac rises as 
shown by the height of 
the fluid column in the 
gloss tube 
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ha%e a bitter taste and they turn red litmus blue Lye and certain other 
bases are also called alkalies. The terms basic and alkaline, are, there- 
fore. often used interchangeably Strong solutions of both acids and bases 
are highly destructisx to animal and segetable tissues 

Acids and bases combine to form compounds called salts, svhich are 
neither acid nor basic Thus, 

HCl + NaOH -> NaCl -f H-O 

hydrochlonc sod am talt waltr 

*ctd {tydcoMcie 

Acids and bases therefore neutralize one another 

The term reaction is used m referring to the aad or alkaline char 
acter of a chemical or its solution, the term is applied as well to the body 
fluids Hydrochloric acid, vinegar, unne, and s%\eat have an acid reaction, 
whereas lye, Iirae, blood, milk and the tissue fluids are alkaline in reac 
tion A neutral reaction is one that is neither acid nor alkaline 

The true acidity or alkalinity of a solution depends upon its con 
centration m free hydrogen or free hydroxyl atoms (that is, in hydrogen 
or hydroxyl ions) (See p 8 } A 10 percent solution of hydrochlonc acid 
IS more acid than a 10-percenc solution of acetic acid The hydroclilonc 
acid tastes more sour and is more destructive to living tissues This is 
because it has a higher concentration of hydrogen ions Neirl) all (SO to 
97 percent) of the molecules of hydrochlonc acid are dissociated into 
hydrogen ions (H+) and chlorine ions (Cl“) , vvhereas the molecules of 
acetic acid are dissociated to a relatively small degree (1 4 percent) 

An alkaline solution abo contains hydrogen ions but in relatively 
lovr concentrsuon, the hydroxyl tons are m excess An aad so}ution con 
tains hydroxyl ions but only in relatively low concentration In a neutral 
solution the concentrations of the two kinds of ions are equal It follows, 
then, tint the acidity, alkalinity, or nemrahiy of a solution can be ex- 
pressed by stating us concentration m hydrogen ions alone, the hydroxyl 
ion concentration being disregard«l Tlie sum of the concentration of 
H and OH ions is always the same, when the concentration of one ion 
IS high, that of the other is correspondingly low 

It has become customary to express the hydrogen ion concentration 
by the symbol pH and a figure from 0 00 to 14 00 W'ater or a neutral 
solution IS pH 700 The acidities range downward from this to pH 000, 
the alkaline range is upward to pH 14 00 The numbers, it will be seen, 
run in reverse order to the H ion concentrations The lower the pH the 
greater is the hydrogen ion concentration and the greater the acidity 
Thus, a solution of pH 1 00 has a greater H ion concentration than one 
of pH 6 00 and is, therefore, more acid Moreover, the pH 1 00 solution 
has not simply six times the H ion conceninuion of pH G 00 bui'several 
thousand times more 
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In the same indicates a much lot^er H ion concenira 

non, and consequently a much more alkaline solution, than pH 8 00 
(Fig 1 5) The blood and bodj fluids are slightl) alkaline — about 

pH 7 to 


eiooD 

LYMFH 

tTC 
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Protoplasm 


Protoplasm is ihe stuff of winch all hung things nre made 
Anything composed of jirotojihsm is or has been alive It is necessary, 
then, that we should know all tve can about a substance that constitutes 
the ^ery essence of hung matter— a substance that goes to the making 
of a green leaf, of a worm, or of a man The “stuff and substance’ of 
brain, muscle, bone, and smew is protoplasm 

Protoplasm is a gelatinous substance composed largely of water 
(around 75 percent) and protein (around 25 percent) It is structureless 
and actuall) fluid or semifluid, for under a powerful microscope par 
tides can be seen to mo\e through n more or less freel> The streams or 
currents that can sometimes be seen within its substance also indicate ns 
fluid nature Besides protein it contains tarious essential minerals — 
calcium, sodium, potassium, magnesium, etc — and small amounts of 
sugar (glucose) , starch (gl)cogen) , and fatty materials 

Proteins are colloids — that is. large molecules grouped together or 
sery large single molecules Protoplasm is, then, a colloidal solution and 
like such solutions, it changes to the solid state under certain conditions 
After dentil it loses its fluid nature Protein molecules are made up of the 
atoms of carbon, nitrogen, ox)gen, and hydrogen, some sulfur, and usu 
all) a little phosphorus To the carbon, protoplasm owes its wonderful 
sersatihty ^Vlthout carbon, life m llic numberless forms in which we 
know It could never hive evolved Oirbon atoms, unlike the atoms of 
any other element, have the extraordinary abiluv to link themselves into 
chains and rings and to add to these the atoms of other elements ^\1ien 
It IS recalled tint the nddition of a single atom to a molecule maj com 
pietely change us chancier, one cm reilue what tremendous possibilities 
for variation in form, minute structure, and function are bound up 
wnthin protoplasmic material 

The modern chemist makes use of this characteristic of the carbon 
atom, and in his laboratory imitates in a measure the wonders that 

13 
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through the ages nature his tsrought from protoplasm Using a rat\ mate- 
rial dented from prehistoric life— coal tar— he links the carbon atoms 
into rings and chains to create substances differing widely in their prop 
perties — antiseptics anaesthetics headache powders, perfumes and flators 
t-arious brilliant dyes, plastics, photographic materials, and many other 
things in general use today Or, starting with cotton or wood pulp (cellu 
lose) and attaching nitrogen sulfur, or other atoms here or there to the 
carbon, he can make explosnes, celluloid, paints, or artificial silk 

Below are shoi\n some of the uajs in uhich carbon atoms link 
themsehes and other atoms together 

H H-H-H-H-H-H 

I f I I I I I 

H-C-H H- C- C- C- C- C- C-H 

I I I ) i 1 i 

H H-H-H-H-H-H 

H 

i 

H-C'' \-H 

H-l! 


The structure of the molecule of a coal tar (aniline) d)e is gnen in 
Figure 2 1, whicli is reproduced merely to illustrate the complexit) of the 
arrangement of the atoms in a carbon compound 

The loss or addition of an atom from or to a molecule will alter us 
entire nature The mere change in position of one of the atoms will do 
the same The number of uajs m whidi the atoms making up protoplasm 
— carbon hydrogen ox)gen, nitrogen, and sulfur — can be combined is 
unlimited Indeed the chemical compounds that nature might create 
from these atoms exceed in number the stars in the Afilky Way So it may 
be realized how natures laboratories have, from this raw material, pro 
duced types of life infinitely varied in structure and function 

DIVISIONS OF PROTOPLASM 

Microscopic life Until some 300 years ago musde. skin bone, and 
other tissues of our bodies were thought to be little more than lumps of 
material, without any fine texture or structure They were supposed to 
be simply masses of pulp without any division into small pieces It is not 
surprising that this should be the belief of the scientists before the seven 
leenth century, since no one then could look into a piece of muscle or 
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skm or Iner and see just hot\ it was made up A Dutch biologist Anton 
Leeuwenhoek was one of the first to use the microscope to examine all 
kinds of living things {Fig 22) His single-lensed instruroeni was a sery 
poor affair compared with the powerful compound microscopes of todaj, 
which magnify the object thousands of times 
But to Leeuwenhoek it was i miracle worker a Q 

weaver of fantastic tales — but tales that strange 
and weird and almost unbeherable as the) 
were nevertheless were true This lens brought 
him worlds that had been closed to all e)es 
since the beginning of time So absorbing and 
fascinating were the dramas whidi unfolded 
before his ejes that he gave up his life to tlie 
study of this world of the infinitel) little 
His great work describing what he had seen 
was published m 16C9 

Nothing was too commonplace fo him to 
examine little escaped lus scrutin) and noth 
mg was examined that did not furnish ns siir 
prises Dust earth sea vvater ditdi water all 
showed millions of tiny forms of hfe — little 
animals— ^nima/cu/ae lie called Uiem liver) 
where was teeming life almost nothing was 
quite motionless Blood was no longer what it 
appeared to be to the naked eye— simplj a 
richly red fluitl — but ti’as seen to be a colorless 
liquid in tdiich were suspended pale pink coin 
shaped bodies — the corpuscles — that were 
whirletl along like tiny rafts through fine!) 
delicate diannels We now call these channels 
capillaries 

Cell structure It was later discovered that 
the tissues of our bodies that make up the mus 
cics skin kidney heart Iner or other organs 
were not textureless but were made of a deh 
cate fabric of millions upon millions of glob- 
ular columnar cuboid spmdlcshaped or irregularly shaped bodies. 
These bodies we call cells ^\e now know that these cells are composed 
of protoplasm and we know that the) are usetl together m sheets, tubes 
or rounded masses as m a tiled floor or m a piece of masonry to form 
the man) di/Terenl parts of our bodies It was not until 1838 more than 
a centur) after Leeuwenhoeks da) that a cell of the body was clearly 
described One of the earliest pobhslied illustration of tissue cells is 
shown in Figure 2 3 
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Fig 2 1 Formula of ori onl 
edye ihow ng the compli- 
cated orrongement of the 
g eat number of carbon 
hydrogen n Irogen and 
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Cells though of manj different t)pes 
sites 'ind shapes resemble one another in 
their appearance The general plan of struc 
litre IS the same m all In order that the 
reader maj form an idea of the cell s struc 
lure we cannot do better than describe the 
amoeba — a microscopic animal found in 
])onds and ditdies Its entire body consists of 
but a single cell (Fig 2 -1) 

The amoeba The amoeba is a tiny piece 
of protoplasm yet when pinched pricked 
or touched with something hot or with a 
crystal of salt it shows by a moiement that 
It IS ahie. It IS therefore said to be irritable 
This IS a word whicli physiologists use in a 
very special sense to denote the reaction of 
a lising thing in response to a change in its 
environment Such a change is called a slim 
ulus Technically then the word imlable 
means the ability to rcs])ond to a stimulus 
The amoeba breathes and digests food rids its body of waste mate- 
rials and moves fiom place to place \et no particular part of its body 
has been set apart as lungs stomach kidneys or limbs The protoplasm 
of which Its body is molded is a Jack of all trades It can do all these 
things which m higher animals arc performed by special organs The 
amoebas entire body or any part of it may be given over to the task at 
hand whether this be seizing and digesting its food moving from one 
place to another breathing or ridding itself of vvaste materials (see also 
p H8) 

Though the tissues of the human 
bod) whether nervous muscular 
glandular or what not are built 
mainly of protoplasm this material 
has undergone in each lyjic of Us 
sue certain changes that endow it 
with the ability to carry out some 
specific duty Such differentiation Fg 23 A reproduclon of one of the 
as It IS called has enabled the cells pvbl sV.ed d ow ngv of t svue cells 
of which the different organs ire 

composed to perform a particular function whether this be vecietion 
(gland) contraction (muscle) conduction (nerve) or the manuf icture 
of hormones (endocrine) with the highest degree of efficienq 

Under the microscope the amoeba appears as an irregularly slupctl 
scrap of living jelly The irr^ular outline of the cell can be seen to 
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P g 2 4 An gmoeba 

change from time to time and as \ e watch we soon see that there is i 
purpose m these clianges One or i\ o little pemnsi las of protoplasm svtll 
be seen to jut out from the amoeba s body into the uater surrounding it 
These protrusions of protoplasm are called pscudopodia (Gk pseudo 
podiinn false foot) At another moment the pseudopoclium is drawn 
back onl) to be thrust out again at another part of the amoeba s arcum 
ference The mosements enable the an mal to reach its food or to mo\e 
awa) from a spot wh ch is not suitable for it to Ine in Figure 25 shows 
an amoeba chasing a small globular oiganism and irjing to engulf it 
The white cells in human blood and the cells in some other tissues of 
the body are able lo move about in the same wa) but most of the cells 
of the body are firmly fi'ced 

In or near the center of the amoeba can be seen a round or oval 
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object which remains distinct from the main body of the cell This is 
called the nucleus The body of the cell surrounding the nucleus is called 
the cytoplasm There is to be seen sinthin the cytoplasm usually not far 
from the nucleus a small cavity called a vacuole which constitutes the 
digestive system of the amoeba Enzymes poured into it from the cyto- 
plasm digest food particles that the organism has captured The \acuole 
can be observed to alter in size and shape from time to time A small 
body within the nucleus is called the nucleolus 

^\hen the amoeba is killed and its body stained svith a blue dye it 
IS found that the nucleus stains much more deeply than the cytoplasm 
The reason for this difference is that the nucleus contains a material 
called chromatin (Gk chroma color) tvhich absorbs the dye more 
readily The chromatin material appears as dark colored threads or 
strands that interlace in a complicated way iMth one another to form a 
fine network within the nucleus it belongs to a class of compound pro- 
teins containing nucleic acid the nucleoproteins (Ch 30) Though the 
outline of the amoeba changes from time to time none of its substance 
becomes lost that is the cytoplasm does not become dissohed by the 
water to disappear gradually as a small piece of ordinary jelly would be 
but holds together This is because the amoeba like the cells of whidi 
our bodies are made possesses some firmer material at its boundary — a 
kind of membrane — that presents the cytoplasm from breaking up and 
disappearing This outer layer is also frequently referred to as the cell 
envelope or cell svall 

^Vith the exception of the wcuole the different parts described 
above for the amoeba — namely the nucleus with its chromatin the 
cytoplasm and the cell membrane — are to be found in nearly all animal 
cells * Most cells also possess a small body called the ccntrosome situ 
ated in the cytoplasm close to the nucleus When the cell is stained ruth 
a suitable dye a minute stnicture — the ceninole — is seen near the center 
of the centrosome Figure 2 6 shows a typical cell of the body of a higher 
animal Close to one side of the nucleus is a circumscribed neinork of 
interlacing strands known as the Golgi apparatus Little is knotvn of its 
[unction The black dots inclusion bodies are specks of food material 

TISSUES AND CELLS 

Different parts or oig;ans of the body behave differently The duties 
one type of tissue has to perform are quite different from the duties per 
formed by another type The reason that one tissue or organ such as 
the stomach can digest food and another organ sudt as a muscle can 
move a limb is that the cells making up each organ are different There 

i The only exception to thil ii the fully developed red blood cell of man and higher 
animals which has no nucleus. 
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Fig 2 6 Diagrom of a typical cell The tmatl rod shaped 
bodies in the cytoplasm ore known os mitochondria and the 
block dots as inclusion bod es The mesh surrounding the 
centrosome represents the Golgi network For a description 
of the noture of these ttruelum aitd therr possible functions 
see a text on histology otso p 418 


are four main types of all—cpitMial, musac/ar, nervous, and connec 
live The tenn tissue is a \ery general one, applied to any material 
deri\ed from animal or \egctable life and consisting of cells that are 
grouped together in masses When tt ts desired to be more explicit and 
to indicate the general type of cell of tshich a certain tissue is composed, 
one of the parcrcufar names just menffoned, or some ocher qualifying 
term js added Thus we speak of eptiUeUal tissue, muscular tissue, nert»- 
oua, fatty, and bony (or oiicoiw) tissues, etc. More speafic terms such 
as hser (hepatic) tissue, kidnc) (renal) tissue, etc , are also used 

Muscular tissues and nervous tissues will be desenbed in Chapters 4, 
24. and 33 

Epithelial tissue The epithelial tissues serve the purpose of protection 
They cover the surface of the body (skin) and line the nose, throat, 
windpipe, stomach, and intestines The various glands of the hodj are 
also composed of epithelial cells Uiat have acquired special powers to 
manufacture juices (secretions) Tjpical epithelial cells are oblong in 
shape and appear under the microscope as short and thick, or tall and 
narrow, blodts set side by side upon a thin membrane (basement mcm* 
brane) and a thin layer of connective tissue The term columnar is given 
to epithelial cells that are higher than they are broad They are often, as 
in the case of tliose lining the respiratory passages surmounted by delicate 
hatrhke structures called cilia (Fig 2 7, left) The cilia, vnIucIi are about 
3^500 long* continuously to and fro so that their surface looks 
like a wheat field undulating m a breere The waves, however, travel only 


Fig 2 7 Left, three columnar epiiheiiot cells nghf, several 
layers of epithelial cells (stratified squamous epithelium) 
from the mucosa of the mouth Semidiogrommolie. The super 
fieia) layer is of the squamous type deeper cells ore cuboid 
tn shape 

touard the exterior — up\',ird in the louer air passages and dot^nward 
m the nose Thus the cilia ser\e to sueep dust and other small particles 
and mucus from the surfaces of the air passages 

Epithelial cells that are shaped like cubes are called cuboidal Again, 
tn some regions, such as die skin, die entering of the eyeball, and the 
stalls of the air sacs in the lungs, they are flat and scalchke This type is 
called squamous (L squama, a scale) . they usually form the outermost 
layer of a type of tissue called stratified epithelium, composed of several 
layers of cells of graded thicknesses (Sec Fig 2 7, right ) 

The linings of the nose, throat, ttindpipe, stomach, .and intestines 
are called mucous membranes, and consist of a layer or layers of cells 
lying upon a foundation of connee 
tite tissue ami a few muscle cells ^fany 
of the epithelial cells in these situations 
form drops or globules of mucus — an 
almost clear, uatery, or somewhat slimy 
fluid — ufihin their bodies The glob- 
ules burst from time to time, {louring 
their contents upon die surface of the 
mucous membrane Epithelial cells of 
this nature are in reality like little mu- 
cus glands From their appearance 
when filled they ha\erecei\cd the name 
goblet cells (Fig 2 8) AV’hen the cells 
areiiin lined, their secretion is inacased 
F„ 2 8 Gobl.t ells dLcborging niin)lmi<= M c ..rc all familiar « 1 th 

mucui Mata. » shown loiming in Ih. ll'C •ruiitiiiig' nose Ilf llie coiiinion 

middle cell cold and uiih the expectoration of 
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mucus wludi accompanies a cold in the cliest The thick fluid comes 
largel) from the goblet cells 

One t>pe of epithelial cell is extreinel> thin thinner even than the 
squamous cells mentioned above being no more than 0 0001 inch thick 
Such cells aie found hid edge to edge to form delicate linings for the 
arteries veins and heart The smallest blood vessels the capillaries are 
tubes composed entirelj of a single hjer of these cells These cells also 
cover the membranes of the thorax (pleurae) of the abdomen (perito- 
neum) and of other cavities The name endothelial is given to this type 
of epithelial cell (Fig 29) 

Connect ve t ssue Connective 
tissue serves a supporting func 
tion and above all is a repair 
tissue Highly speaalized cells 
such as those of the nervous sys 
tem and ol muscle lose ihe 
povver to multiply shortly after 
birth Theieforc when such 
cells are desiioyed by accident 
or disease they ire not replaced 
The defect is repairetl by con 
nective tissue consisting largely 
of fibers A senr or acdtux 
IS a compact mass of fibrous 
connective tissue that restores a defect caused by the destruction of other 
more highfy speaahfed cel/s IWien forevamp?e tfieskm rs acadenwfly 
cut us natural elasticity draws the etlges of the wound apart and the 
space between is filled with a clot of blood consisting of blood cells and 
a network of fibrin threads (CU 7) Soon the clot is penetrated by fine 
blood vessels that convert u into a red highly vascular granular tissue 
called granulation tissue The granulation tissue is soon invaded by 
primitive connectne tissue cells called fibroblasts (Ck bJnstos a germ 
sprout embryo) that develop into mature elongated fibrous cells These 
with the passage of time become firm and tough and stiich the wound 
at It were and draw its edges closer together This process is called heal 
ing by granulation or second intention but when an operation wound 
is sutured and the edges of the skin arc brought accurately together it is 
said to heal by primary union or first intention 

The primitive cells in the connective tissue — the fibroblasts — respond 
vigorously to various forms of chronic imiaiion either of a chemical or 
a mechanical nature An example of this propensity is cirrhosis of the 
liver m which the highly speaalired hepatic cells are strangled by an 
overgrowth of fibrous tissue The connective tissue reaction may be in 
duced by various chemical agents such as alcohol chloroform or the 
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fumes of carbon tetrachloride (a cleaning fluid and fire extinguislier). 
Increase in the connectue tissue — fibrosis— o{ the lung also occurs in 
miners and others whose occupations entail the inhalation ot irritating 
dusts. The hbrosis interferes with pulmonary function and encourages 
the development of tuberculosis In these and other examples of fibrosis 
that could be ated, the so<alied chronic irritation is really a persistentl) 
repeated mild injury, and it is this that induces the connective tissue 
proliferation. 

Connective tissue cells differ greatly in shape and size, and form 
tissues corresponding!} diverse in structure, consistency, and function. 
Some of these cells, as already indicated, are long and fibrous; others, 
round or oval and filled with fat; still others undergo mineralization 
(chiefly b} calcium and phosphorus) and form bone. The cliief divisions 
of the connective tissue class are 

Fibrous Cartilaginous 

Areolar Elastic 

Adipose Hemopoietic (bone marrowr and I)inphoid tissue) 

Osseous, or bony * Neuroglial (of central nervous system) 

Fibrous tissue is strong and lough, consisting mainl) of long fibcn 
that form protective and supporting structures, such as ligaments, muscle 
tendons, the capsules about joints, membranes or aponeuroses in various 
situations, and the fasdae between musde bundles or separating groups 
of muscles 

Areolar tissue is a relatively soft, loose form of connective tissue 
consisting of a netvvork of interlacing fibers with numerous fat cells in 



Fip 210 Fibrool connertire 
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* There I* some difference of opinion as to whether neuroglia diould be classed as 
connective tissue or as nervous tissue Funoionalty it is the connective iissue of iJie 
central nervous svstem. but it is denved from ectoderm as u other nervous iiisue, 
whereas connective tissue proper is mesodennal in origin 
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Its mesh Many of its fibers are highly elastic others are tough inelastic 
and strong resembling those in fibrous tissue Areolar tissue also con 
tains large mobile cells that like some of the svhite blood cells base a 
sca\enging function Areolar tissue is what one might call a packing 
tissue It fills up spaces between organs separates parts of organs from 
one another and acts as a buffer or cusliion it is found beneath the skin 
forms the outer coats of arteries and \etns and makes a bed for the 
internal organs Jt is found m almost all parts of the boclj 



Fatt^, or adipose tissue contains relattsel) fcM fibers being made 
up mainl) of areofar tissue whose cells fiave been greatly enlaiged by 
the accumulation of fat m their c)toplasm this distends the cell iiid 
flattens the nucleus ngnmst the cell boundary (Fig 2 12) Adipose tissue 
serves many purposes In the subcutaneous tissues it insulates the deeper 
structures against cold cushions liony parts rounds out the contours of 
the bod) It serves as padding around and between the internal organs 
especially of the abdomen It also provides a store of potential energy 
Food in excess of the body s requirement is stored as fat whidi is often 
a burden to the individual or a detriment to Ins health (see obesit) 
Ch 30) 

Cartilage, or gristle is a firm bluish or yellowish substance con 
sisting of scnitered groups of large cells with prominent nuclei and a 
ground substance that may be homogeneous or interlaced with fibers 
In the former instance it is known as hyaline (glisshke) cartilage in 
the latter as fibrocartilage If it contains n large proportion of elastic 
fibers It IS called fibroelastic cartilage In the embryo most of the skeleton 
is first hid down m hyaline cartilage which later is replaced by bone 

Hyaline cartilage covers the ends of bones wiihm joints serving to 
buffer shocks and provide smooth surfices upon whicli the bones can 
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Fig 3 12 Ad po$e tissue Fat 
cells have been stained black 
using osm c acid A general 
connect ve tissue being con- 
verted to adipose t ssue by 
the occumulat on of fat B fot 
cells of ad pose tissue from 
wh ch the fat hos been re- 
moved by ether C stages fn 
the development of a fat cell 


slide The thjroid cncoid and nasil cartilages and the louer part of 
the nasal septum are of the hyahne i)pe Fibrocarhlage composes part 
of the intersertebral discs (p 40), the semilunar cartilages of the knee 
joint and the cartilage of the symphysis pubis Certain small cartilages 
(cuneiform and parts of arytenoid, Ch 22) of the larynx the epiglottis, 
the pinna or auricle, and the outer part of the external auditory meatus 
are composed of fibroelastte cartilage 

Elastic connective tissue contains fibers that stretch readily but 
return to their original length when released from the stretching force 
This type of tissue composes ligaments around freely movable joints such 
as the ankle and the articulations of the vertebral column The arteries, 
especially those of large and medium size are plentifully supplied uith 
clastic fibers 

Mast cells, which bear a resem 
blance to the basophil granular 
leukocytes, are found in areolar tis 
sue distributed along the course of 
the small blood vessels Their cyto- 
plasm is packed with large dark 
granules that almost or completely 
hide the nucleus They produce he 
parin (Ch 7) 

The principle protein of the fi 
bers and ground substance of fibrous 
connective tissue and cartilage is col 
lagen It is also contained m bone 
and most other types of connective 
tissue Extracted by boiling water 
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from hides, bones, cartilage, hoofs, etc, of animals, it is marketed as glue, 
size, or jelly powders, hence its name (Gk c(k)olla, glue) 

There is a group of disorders characterized by an o\ergrowth of 
fibrous connectne tissue, or by some abnormality in its development, 
distribution, or composition These disorders, now generally known as 
the collagen diseases, include rheumatoid arthritis, acute rheumatism, 
and certain alfections of the arteries (penarieritis nodosa), skin (scleio- 
derma), or muscles (fibromyositis) The discovery a few years ago that 
the hormone of the adrenal cortex or the adrenocorticotropic hormone 
of the pituitary gland relieved the arthritic conditions, suggested that the 
adrenal cortex, in some way, influenced the growth and development of 
the collagenous tissues But the action of the hormone upon arthritis is 
more probably of a pharmacological nature, that is it acts rather as a 
remedial drug than by correcting a hormone defiaency, for the beneficial 
effect is induced only by doses much larger than those required in adrenal 
insufficiency (Ch 40 ) , nor is arthritis a characteristic of this disease 

Bony, or osseous, tissue will be desaibed in the next section, 
hemolJOielic tissue iii Chapter 8, and neuroglial tissue with the nervous 
system 


PHYSIOLOGICAl PROPERTIES OF PROTOPLASM 

Protoplasm in its simplest form, as in the body of the amoeba, is 
endowed widi four sbihties It is just ih&e abilities that we recognize as 
die outward and visible signs of life They are irritability (wliicli, as has 
been explained, is the power to react to a stimulus) , growth, metabolism, 
and reproduction 

In the higher forms of life, protoplasm as a whole has lost the self 
sufficiency it retains in the lower [onus Persons m a modern civilization 
no longer grow their wheat, grind iheir flour, and bake their bread They 
no longer clothe iliemselves in homespun garments, or fell the trees and 
hew the timber for their dvvellings ^cli of these different tasks is per 
formed by speaally trained persons who are generally of little use in 
fields other than their own So u is with proioidasm when it becomes 
"avilized and comes to live in rows upon rows of cells No longer can 
any one type of cell perform all the viial duties, as the amoeba does 
Labor is divided, and certain groups of cells become liighly trained for 
special purposes 

Nerve and muscle cells, for instance, have, so to speak, educated 
themselves to respond very quickly to stimulation They are consequently 
called the irritable tissues They cannot, however, reproduce themselves, 
and It IS only in early life that they grow In higher animals and man a 
special group of cells has been set aside, segregated from the icst of the 
cells of the body for the special purpose of reproduction, a very compli 
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cated process described in Cliapter 48 The amoeba and oiher one-celled 
organisms, in order to perpetuate iheir kind simply divide into two equal 
parts The) are immortal, for the parent, as svell as the new cells con 
tmues Its existence. 

Living cells of all kinds whatever their duties, are tiny chemical 
laboratories \\ithm their protoplasm are earned out the most comph 
cated chemical reactions — oxidations decompositions, and combinations 
of \arious types \Vhen food is oxidized by the tissues heat is generated 
Each cell might be thought of as a stove of microscopic size but whose 
fuel IS the carbon of food instead of isood or coal Wien a handful of 
sugar is thrown into the fire it flares up. and ne sa) that it has burned 
or has undergone combustion Oxygen was consumed in the burning so 
chemically speaking the sugar was oxidized, ns carbon to carbon dioxide 
(CO,) , and its hydrogen to water (H O) Fat burns with a much hotter 
flame Meat burns with great difficulty, but it too will be consumed in a 
hot fire Both meat and fat also require oxygen for their combustion The 
heat produced keeps the body warm maintaining a constant temperature 
at about 98 6° F Thus, when we say that a certain food is metabolized, 
we mean that it is oxidized by the cells of the tissues with the produc 
tton of heat The process itself is called metabolism The quantity of 
heat produced is expressed in Calories 

Metabolism Jioweser, embraces chemical processes other than the 
oxidation of food Tlie term may be applied to any chemical process 
occurring in living tissues So we may speak of the oxidation or other 
diemical cliange undergone by carbohydrate in the cells (but not in the 
intestinal tract) as carbohydrate metabolism, by protein as protein 
metabolism, and so on The cells derive from Uie blood the substances 
they require and manufacture entirely new maienals The breakdown of 
molecules into small chemical groups is called catabolism (Gk cata 
down) anabolism (Gk ana up) is the term for synthetic processes The 
digestive glands for example, form secretions of various sorts containing 
enzymes and acids or bases otlier complex and very powerful substances 
known as hormones are formed by the cells of the endoenne organs 
(Ch 38) The synthesis of new tissue during growth and for the repair 
of worn-out tissue pans is also included under the term metabolism 

Chemical functions are not confined to animal cells, for they are 
performed also by plant life The yeast cell for example converts sugar 
into alcohol and carbon dioxide, and the microorganisms of disease 
manufacture various poisonous substances called toxins 

A phenomenon that requires a word here but will be treated more 
fully later, is the generation of electricity during activity An electrical 
current is set up in all types of tissue — ^nervous muscular, or glandular — 
when they become active 

In the earlier divisions of the ferulized egg (Ch 49) all cells are 
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similar in appearance, but they possess immensely different poteniialities 
As deselopment proceeds, groups of cells go their different ways, becom 
ing greatly dissimilar in shape, structure, and function They aggregate 
in masses to form the several organs of the body, each ingeniously con 
structed for the special functions it has to perform This process whereby 
tissues and organs are deseloped along spiecial lines is called differentia- 
tion Its guiding principle is chemical, and resides m certain groups of 
cells called organizers activators, or evocators 

In the process of differeniiaiion not all types of cell are endowed in 
equal degree sviih the four faculties given above Nerve and muscle cells 
have developed the property of irritability to the highest state of pro- 
ficiency, bone cells excel in the ability to draw minerals from the blood 
bone and red blood cells have little power to generate heat, whereas 
the cells of the liver which carry out numerous chemical processes have 
a very high metabolism and produce large quantities of heat 

After cells, except those of the sex glands, have undergone differen 
nation, that is, have reached maturity in form and function they are 
no longer capable of reproduction Mature cells, whether they be of 
nenous or ol muscular tissue, red blood cells or epithelia] cells, or even 
connective tissue cells, are incapable of reproducing their kind, but the 
various connective tissues and the epithelial tissues have a store of pnmi 
me cells upon which to draw Therefore, bone, blood, and skin, but not 
nervous or muscular tissue are able to regeneiate and replace cells that 
have been destroyed 

HOW DIFFERENT PARTS OF THE BODY ARE NOURISHED 

TVc have seen how the amoeba obtains its food But the cells of the 
body cannot roam about looking for food, the food must be carried to 
them This task is performed by the blood Tlie blood acts as the waiter 
who brings the food from the cooks in the kitchen to the guests in the 
dining room The cells of the stomach and intestines are the cooks of 
the body They prepare the food and give it to the blood winch then 
a. Uale Kn aell ux the bod^ Each cell oxidizes what it receiv es 
and gets from it energy to do useful work. 
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The Skeleton 


GENERAL DESCRIPTION OF BONES 

The bonj structure of the body is called the skeleton and con 
sistsof200bonesotAarious8hapesandsucs(Fig 3 1) The bones are bound 
together by strong fibrous tissue, but the junctions between many of the 
former permit a limited degree of movement of one bone upon another 
and are called joints In veriebrates~>that great group of animals pos 
sessing a backbone or vertebral column— the skeleton is covered by soft 
tissues muscles, fat, vessels, nerves, etc, and is tiierefore called an endo' 
skeleton In many invertebrate forms, such as lobsters, cnbs oysters, 
clams, snails etc , the skeleton, which is formed on an entirely different 
plan, ts on the oacstde of the soft msues and tfrougfi the matettaf of 
v>liich It IS composevl is hard and calcareous in nature, u dilTers from 
bone Such protective coverings are called exoskeletons In animals still 
lower m the scale of life, such as vsorms, there is no skeleton of any kind, 
and some vertebrates such as fish (scales) and turtles (canpace), have 
an endo- as well as an exoskeleion 

The /unctions of the endoskcleton of vertebrates, including man, 
whicli from now on will be called simply the skeleton, are (a) protectivi:, 
(b) to afford t framework for the support of the various soft structures 
of the body, (c) to serve for the attaefiment of muscles and (d) to pro- 
vide a readily available storehouse of essential minerals for example, 
calcium and phosphorus 

The protective purpose of the skeleton ts seen espeaally in the skull, 
vertebrae (spinal column), thorax (nbs and breast bone), and in the 
bones of the pelvis (hip bones) The central nervous system, heart and 
lungs kidneys liver, and pelvic organs are thus well guarded from exter 
nal violence The anterior part of the abdomen is about the only region 
containing vital structures that does not appear to be adequately 
protected 


SI 
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The form and rigidity the bony frameuork gnes to the soft struc 
tnres are obvnous Through its gi\ing attachment to muscles, the bones 
such as the long bones of the arms and legs are converted to strong 
levers, tools, or weapons that can be used for work, locomotion or 
defense The bon) framework of the body is not static in its compost 
lion in the sense that the minerals of which it is so largely composed 
remain fixed without interchange wnth the other constituents of the 
bod) i/ie skeleton is composed of living tissue, its materials being con 
stantly dissolv ed and passed into the blood stream, and being replenished 
from other tissues and from food 

The minute structure of bone or osseous tissue Bone contains a large 
proportion of mineral matter ditefly calcium and phosphorus (as tn 
calcium phosphate and calcium carbonate) but also smaller amounts of 
magnesium and traces of fluonne chlorine and iron Some bones like 
those of the limbs are developed by the deposition of minerals in cam 
lage Others sudt as some bones of the cranium (Ch 5) , arc formed by 
the mineralization of membranous tissue 

Two types of osseous tissue enter into Uie construction of the long 
bones of the limbs The shaft, or diaphysis, of a limb bone consists of a 
tube of hard compact bone while the ends or epiphyses, are composed 
of cancellous (spongy) bone covered by a shell of compact bone. 

A section of compact bone from the shaft of the femur (iliigh bone) 
IS shown m Figure 3 2. The heavily mineralized substance is laid down 
in groups of from six to eight concentric tubular plates called lamellae 
that enclose numerous narrow channels known as Haversian canals 


Bone cells lodgei In laevno# 
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These run parallel to the long axis of the bone and carr) brandies of 
the nutrient artery, nerves, and some loose areolar tissue Spaced at short 
intervals between the lamellae are small cavities, the laamae (not to 
be confused with Howship’s laamae mentioned below) from which fine 
canaliculi radiate and connect with the Haversian canals and with other 
lacunae Thus a nch system of anastomosing diannels penetrates the 
bone matrix, vvhidi transmits nutrient fluid transuded from the blood 
vessels into the substance of the bone The Haversian canals also com 
municate with the inner and outer surfaces of the bone through channels 
known as thecenn/s of Volkmann The longitudinal tubular space (medul 
lary cavity) running down the center of a long bone (Fig 3 3) such as 
the humerus or femur, is filled with a soft, fatty substance known as 
yellow marrow. 

The bone cells belong to the connective tissue class and are of three 
ty pes— osteoblasts, osteoclasts, and osteocytes The first two of these are 
present in the developing bone, the last, in formed bone The osteoblasts 
are large, plump cells usually found in a single row beneath the pen 
osieum, from which they arise They are mainly responsible for the 
formation of bony tissue 

The osteoclasts are muhmudeaied giant cells found where bone is 
being resorbed They lie in shallow depressions— Hoas/iips lacunae— 
that they appear to have excavated on the bone surface The admmis 
tration of parathyroid hormone (Ch 40) causes resorption of bone and 
increases the number and activity of the osteoclasts 

As new bone is laid down beneath the periosteum during normal 
growth, or in the repair of a fracture, the osieobfasts become incfutied 
in the new formed material and differentiate into osteocytes, the permt 
nent cells of mature osseous tissue These cells are lodged in the lacunae 
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mentioned above, iheir slender processes penetrate into the canalicub 
radiating from tlie lacunae 

Cancellous bone is made up of slender bars of osseous tissue called 
trabeculae that interlace iMth one 
another (Fig 3 4) and give a sponge 
like pattern to the bony structure. 
The spaces between the trabeculae 
are filled vsith a soft, dark red tissue 
called the red marrow tliat is re 
sponsible for the manufacture of red 
blood cells, granular leucocjtes and 
probabi) also of the blood platelets 
(Fig 3 5) This substance consists 
of a mass of immature red blood 
cells and granular leucocytes mostly 
in the later stages of their develop 
ment as uell as the forerunners of 
the platelets— the megacar) ocytcs 
(Ch 8) and a few mature er)throcytes and leucocytes The nbs and 
bodies of the vertebrae as vvcll as the ends of the long bones are com 
posed of cancellous bone covered by a thin layer of compact bone 
In the cranial bones, spongy bone is also found sandwiched between 
two layers of dense bone 

The membrane covering the exterior of the bone is called the 
periosteum, that lining the medullary cavity the endosteum 

The development end growth of bone In the embryo the greater part 
of the skeleton is pnmanly patterned m hyaline cartilage developed from 
the embryonic connective tissues (the mesenchyme) Some bones of Uie 
skull (frontal parietal squamous and tympanic parts of the temporal, 
some parts of the spJienoid the vomer, nasal, z)gomatic and most of the 
maxilla) and part of the collar bone are developed from membrane 
Ossification, or osteogenesis, that is the replacement of the cartilage 
model by one of bone occurs through the activities of the osteoblasts 
(see above) boili beneath the periosteum and m foci within the cartilage 
called ossification centers Each bone is developed from one or more 
ossification centers, only the smallest bones such as the lacnmal and 
nasal bones and the carpal and metatarsals are formed from one center 
The cartilage in which the future bone is modeled is not converted 
directly into bone In the first stage toward the formation of bone, the 
cartilage degenerates and is replaced by a calcified material known as 
osteoid (boneltke) tissue This calcification process is the work of the 
osteoblasts which abstract the mineral from the blood and lay it down 
with organic material An enzyme known as phosphatase, also produced 



Fig 3 4 Concellous bone sect on through 
head of humerus to show trabeculae end 
ep physeol I ne 
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Fig 3 5 Smear of red bone morrow drown from sternum by needle puncture 


by the osteoblasts is essential to the process Later tiie ostcotd tissue is 
replaced b) true bone as a result again of osteoblastic actisity 

The ossification centers appear at widely diflerent ages In any gnen 
bone the first center to appear is called the primary center, those appear 
mg later are called secondary centers Tint part of a bone deseloped 
from the primary center, svluch in the case of a long bone corresponds 
to the shaft of the bone, and mentioned above, is called the dtaphysis 
The part formed from a secondary center is called the epip/i)sis m the 
long bones these are situated at the ends of the bone, but in other bones 
the secondary centers appear in \arious situations and the part of the 
bone that is ossified from each of these centers is also called an epiphysis 
(Fig 3 3) 

^Vlth scry few exceptions for example, the distal end of the femur, 
all the epiphyseal or secondary centers do not appear until after birth 
Many make their appearance in infancy or childhood, but some not 
uuiil pzibert], and the media} end of t}te cohar hone ncA vnid heineen 
the I8th and 20ih year 

The primary centers of the great majonty of the bones appear before 
birth The bones of the carpus are notable exceptions, the times of 
appearance of the centers of the different carpal bones varying from 
6 months after birth to 14 y ears 

A long bone, such as the humerus or femur, grows in thickness 
through the activity of the osteoblasts deruetl from the pcnostcum, tlie 
new formed bone being laid dosvn in layers on the bones outer surface 
At the same time that new bone is being added on the outside, bone 
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resorption is talking place on the inner surface, that is, on the wall of the 

medullary ca\ity Hence the shaft of the bone does not increase e'tces 

sively in thickness and enaoach upon the central casity, the cavity 

rather svidens step by step svith the deposition of osseous tissue sub- 

penosteally 

The bone grosvs in length by multiplication of cells within the 
cartilage model, mainly touard the ends of the shaft As already stated, 
the cartilage is first calcified and the osteoid tissue is later replaced by 
tnie bone through the actmty of the osteoblasts of the ossification center 
At the same time bone is being formed by the ossification centers of the 
epiphyses As the new bone of the shaft and epiphyses gradually increases 
only a thin zone of cartilage is left beiueen the tuo This is called the 
epiphyseal plate or disc For some time the disc remains unossified and 
during this time it is the only means tvhereby the bone can grow length 
ivise Though the cartilage cells within the epiphyseal plate multiply, it 
does not increase in thickness because the older cells at its boundaries 
become ossified Thus cartilage grouth within the disc, uhich uould 
expand it, is balanced by bone formation at the boundary The inevitable 
result IS lengthening of the bone Finally, the cartilage of the epiphyseal 
plate IS replaced by bone, and firm union of epiphyses and diaphysis is 
thus ensured This marks the time when the bone has reached its adult 
length, it IS incapable of further longitudinal grow th 

There is a very definite time set for the fusion of the epiphyses and 
diaphysis of each particular bone Thus the upper epiphysis (head) of 
the humerus fuses with the diiphysis (shaft) at 21 years of age for males 
and at 18 years for females whereas the main parts of the os coxae (hip- 
bone) fuse in both sexes at about the I7(h year The epiphyseal cartilage 
IS a weak link in a bone, and until complete osseous umon between 
epiphyses and diaphysis has occurred violence may cause a separation at 
this point instead of fracture of the bone Separation of an epiphysis is 
therefore not uncommon m children 

The details of the growth of flat or irregularly shaped bones such 
as the scapula hipbone and sacrum which are ossified from a number 
of centers (eight or nine for the scapula and eight for the hipbone) are 
very complicated but the general prinaples are the same as those 
described for the long bones 

The molding or * sculpturing of a bone into its characteristic 
adult shape is the result of two opposing processes — bone formation and 
bone resorption — that is the solution and removal of bone substance at 
one point and bone formation at another The factors imohed in bone 
resorption are imperfectly understood For a long time it was thought 
that the osteoclasts were primarily the active agents that they, as it viere 
gnawed the bone and removed it piecemeal The gathering of these 
cells at sites where the bone was undetgomg active resorption, their 
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lodgment in small exca\'ations (Houship’s lacunae, see above) on the 
surface of the bone as well as the bone resorptive action of the para 
th)roid hormone (Ch 40), accompanied by the appearance of large 
numbers of osteoclasts, all taken together, seemed to strengthen this 
theory But bone resorption may occur in the complete absence of osteo- 
clasts and, when present, tliey do not appear to exercise any phagocytic 
action Nevertheless, though a belief tn the primary importance of the 
osteoclasts in the process is not now entertained these cells do appar 
ently exert an influence m some way upon the resportion of bone 

Though normally the bones cease to grow m length, breadth and 
thickness after the epiphyses and diaphyses have fused the osseous tissue 
given the appropriate stimulus is capable of localized growth This is 
seen m the union of fractures the newly formed tissue that cements 
together the fragments of the broken bone is called callous, it is pro- 
duced by the periosteum Also the bosses and ridges on a bone where 
the muscles are attached become more prominent in muscular subjects 
as a result of the stimulus provided by the puli of the contracting muscles 
Overgrowth of bone may occur as abnormalities bony spurs (exostoses) 
and the thickening and enlargement of bone m osteitis deformans and 
acromegally are examples of such 

The flgure of 200 given previously for the bones of the skeleton does 
not include the three minute bones or ossicles of the ear nor the small 
bony nodules known as sesamoid bones developed in some tendons (Gk 
sesamocides shaped like sesame seeds), nor are the sutural or IVormian^ 
bones included 

The bones of the skull and vertebral column are sometimes referred 
to as the axial skeleton, and the bones of the limbs the appendicular 
skeleton 

Before describing the separate bones it will be necessary to define 
certain terms that will be used and have not already been explained 

Terms referring to direct on and posit on The so-called anatomical 
position of the body is standing with the palms of the hands turned to 
face forwards (Fig 3 6) The aspect of the body showing the face chest, 
palms of the hands abdomen etc. ts called anterior The back of the 
body IS called the posienor aspect Four principal planes of the bod) are 
recognized and known as the median, sagittal, coronal, and transverse 
planes The median plane passes longitudinally through the center of 
the body, and might be represented by a board in (his position with its 
edges directed antenorl) and posteriorly and its two broad surfaces 
directed to the right and left A sagittal plane is either the median plane 
or an) other vertical plane to either side of and parallel to it The 
coronal, or frontal, plane is any plane passing through the bod) at right 


These arc small irregular bones soracUmes fouml in joints (sutures) of the slull 
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angles to the median or to a sagittal plane A 
transverse, or hon,.onlal, plane is one that passes 
horizontal!) at right angles to the median plane 
The anterior surface of tlie arms (the body 
being in the anatomical position) is called the 
volar surface The terra plantar means in the 
direction of or related to the sole of the foot 
The term aentral is applied to a direction to- 
^\axd the anterior surface of the human body 
or to the under surface of an animal, rvhile 
dorsal means totvard the back of the bod) A 
direction toward the midline of the body is 
called medial, one toward either side i$ termed 
lateral Thus in describing the positions of 
two structures or of two parts of a structure 
the one is said to be medial or lateral to the 
other according to whether the one is nearer or 
fartlier than the other from the midlmc In 
speaking of a structure or part, such as a hmb 
artery, or nerve, any point nearer its origin ts 
referred to as being proximal to a more distant 
point which IS said to be distal to the former 
point Thus the slioulder is proximal to the 
Fig 3 6 The anatoinieol elbow, but the clbow is distal to the shoulder 
pout am fa which the vor ankle is distal to the knee or hip The 

lOus terms onferier, paste- resting on its back IS said to be in the 

nor ventral dorsal etc, position lying with the face dowTl IS 

' called the prone position 

Terms used in connection with bones joints and various soft tissues 
Aponeurosis (pi aponeuroses) is a tough smooth broad fibrous sheet, of 
a white opalescent, or glistening appearance It is most frequently 
attached to large, broad muscles such as those of the abdominal wall 
Articulation is the apposition of two bones to form a joint, it also means 
of course, the formation of words speech (L arliculus, a joint, but also 
a knob, the knot of a tree, a moment in time, or a division or part of a 
speech) Crista is a sharp ridge resembling a cock s comb (L. crista, crest 
of a bird) Duct is a narrow tube usuall) applied to one that carnes off 
the secretions of a gland Tacei is a small, smooth, flat or slightly de 
pressed area on a bone that is usually a point of contact with anotlier 
bone or other hard structure Tascia (pi fasciae) is a sheet of tissue 
composed of connective tissue flber? and areolar tissue that senes to 
cover or envelop various oigans to separate muscles or parts of muscles 
or to intenene between the skin and deeper tissues Fissure is a furrou 
deep groove or cleft Foramen (pi foramina) is a perforation, hole, or 
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opening in a bone, membrane, or anj other structure Tossa (L , a trench 
or ditch, pi fossae) >s a shallow depr^ston Ganglion (Gk, a tumor) 
IS a collection of ner\e cells in the brain, but especially on a ner\e trunk 
In the latter situation (such as on a posterior root ganglion) it usually 
forms a distinct swelling The term Is also a surgical one applied to a 
small swelling on the back of the wnst derived from a tendon sheath 
Lamella (L, pi lamellae, diminutive of lamina) is a thin flat plate 
Lamina (L , pi laminae) is a layer, plate, or stratum Ligament (L. 
Itgamentum, a bandage or bond) is a cord, sheet, or band of strong con 
nective tissue, situated most commonly about or within a joint that it 
serves to support and aids in holding the bones together Rfembrane is a 
flat, thin sheet of pliable material that covers other structures, envelops 
an organ or part or lines one of the body cavities The term is a very 
comprehensive one A membrane may be highly cellular like the mucous 
or synovial membranes or be composed mainly of connective tissue fibers 
Again, It may consist of a single layer of thin flat epithelial (endo 
thehal) cells Raphe (Gk , a seam) is a line of union, usually fibrous 
between two similar structures Septum (L, an enclosure or barrier) is 
a partition generally of connective tissue, dividing a cavity or separating 
the parts of any organ or tissue Sinus (L, a basin) a cavity or hollow 
(sucii as a nasal sinus) , an expanded part, a small vessel (sucli as in the 
liver) , or one of the large intracranial veins Tendons are tough cords 
or ribbons of fibrous connective tissue to which muscle fibers are fused 
and through which a muscle exerts traction upon the bone into which 
It is inserted Theca (Gk a box) is a sheath such as encloses a tendon 
or a Graafian follicle of the ovary Tubercle (L lui'ercu/um, diminutive 
of tuber, a swelling) is a small rounded elevation on a bone, in pathology 
also applied to similar swellings in skin, lung and other soft tissues 
Tuberosity is a rounded prominence on a bone, usually somewhat larger 
than a tubercle 

DESCRIPTIONS OF INDIVIDUAL BONES 

Bones of the vertebral column (spinal column or backbone) 

The vertebral column is composed of a long senes of separate bones 
called vertebrae (sing vertebra), linked together by hgiments and 
bound by muscles to form a strong support for the head and trunk and 
indirectly to provide rigidity for the suspension of the limbs (Fig 3 1, 
3 7) It IS capable of assuming through the contraction or relaxation ol 
muscles, either a high degree of rigidity or great flexibility Besides its 
supporting function, the vertebral column is given the equally important 
duly of protecting the spinal cord to which each vertebra furnishes a 
complete and stout ring of bone, the whole senes of vertebrae provide. 
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as It isere, a hollow bony cylinder in 
which the spinal cord is enclosed 
There are 34 S'ertebrae — 1 cervical 
(neck) , 12 thoracic, or dorsal (back of 
thorax ) , 5 lumbar (small of back) , 
5 sacral (fused to form the sacrum), 
and 5 coccygeal (fused to form the 
coccjoc) (see beloiv) 

The greater number of the a erte 
brae are constructed upon a common 
plan though i-ariations of this basic 
design more or less pronounced, are 
found between the vertebrae of differ 
ent regions of the spinal column A 
typical Aertebra consists of two pnn 
apal parts called the body and the 
vertebral ardi The body, situated an 
tenor!), is a thick disclike mass of 
cancellous (spongy) bone sviih a thin 
a>\ering of compact bone, it is convex 
korizontall) in front and concave be 
hind where it helps to form the spinal 
canal containing tlie spinal cord The 
vertebral bodies are laid flat upon one 
another, like a stack of coins to form 
a more or less vertical column, a disc 
of fibrous cartilage intervening between 
each two adjacent ones The vertebToi 
arch completes posteriorly a ring of 
bone lliat, with the bodies and arches 
of the other vertebrae, forms the spinal 
canal (see Fig 3 10) The space en 
closed b) this bony ring is calletl the 
vertebral foramen The arch consists of two pedicles, two laminae, a 
spinous process, two transverse priicesscs and four articular processes 
The pedicles are two bars of bone that spring from the body and incline 
backwards The laminae are a pair of broad plates ansmg from the 
pedicles, they meet and fuse in the midline behind, and from their point 
of fusion the spinous process, whidi points backward and downward, is 
developed (Figs 3 7, 310 to 512) The transverse processes project 
laterally and postenorly on each side from the junctions of the pedicles 
vnih the laminae The articular processes are also arranged in this 
fashion, there are a supenor and an inferior pair The superior project 
upward with their articular facets faang backward, the infenor project 
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do^NTixvard their articular surfaces facing fon^-ard The articular proc 
esses articulate with the processes of the sertebrae above and below the 
superior with the inferior of the vertebra above, the inferior with the 
superior of the vertebra below 

The cervical vertebrae (numbered 1 to 7 from top to bottom) are 
smaller than the vertebrae of other r^ions The spinous processes of most 
of the cervical vertebrae are short and split at their tips the first second 
and seventh are exceptions the vertebral bodies are small and oval (Figs 
3 8, 3 9) The first and second cervical vertebrae have very special and 

AnI 
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distinctive features and are given specific names The first is called the 
atlas (for like the Greek god who bore the heavens upon his shoulders 
jt supports (he head) It :s an irregular ringltke bone possessing neither 
a body nor a spmous process The anterior and posterior halves are 
called respectively, die anterior and posterior arches Joining tlie arclics 



Fig 3 9 The ax s (sec 
end eery cei) verte- 
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on either side is a lateral mass consisting of a transverse process and a 
large oval smooth surface that articulates with the occipital bone of 
the skull The posterior aspect of the anterior ardi shows an articular 
surface (facet) that makes confaa wjiJi a corresponding facet on the 
anterior surface of the odontoid (toothlike) process of the second cer 
vical vertebra, called the axis (Figs 38 89) The odontoid process serves 
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as a pi\ot upon \\hich the atlas and the head can be rotated It is a stout 
conical, upright column arising from the body of the sertebra The otlon 
toid process of the axis as mentioned above is provided vvitli a facet for 
articulation with a similar facet on the atlas it is held in position by a 
ligament that passes behind it and is attadied on either side to the 
lateral mass of the atlas The body of the axis is small and largely hidden 
by the odontoid process The pedicles and laminae are stout the latter 
give origin to the strong ligaments of the neck— hgamenta flara The 
spine IS relatively large but the transverse processes are small 


Spin* 



The thoracic vertebrae, 12 in number are intermediate in size 
between the cervical and lumbar vertebrae The bodies are shaped some- 
what like a conventional!) depicted heart An upper and a lower facet 
IS seen on each side of the body for articulation with the heads of the 
nfas — the upper facet witli the rib of the same number the lower facet 
with the rib below A third facet is present on tlie transverse process of 
each side that articulaies w ith the tubercle of the rib of the same number 
The vertebral foramen IS small and circular (Figs 3 10 3 11) 

The lumbar vertebrae, 5 in number are much larger than the 
thoracic the) have thick Iieav 7 oval bodies long thin transverse proc 
esses (except the fifth), and shon spines that project almost horizontal!) 
backward (Fig 3 12) 
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The sacrum completes the bony pelvis It represents 5 vertebrae 
fused into a single bone It is a large massise \ery irregular structure 
but as a whole is triangular or wedge shaped with us base directed 
upwards its long axis is cursed with the conciviiy facing fonsards that 
IS toward the pelvic caMt% (Figs S7 and 3 13) 

The coccyv or tail bone, which is composed of seven! (usually 5) 
rudimentary vertebrae fused together is i small triangular bone that 
articulates by us base wuh the lower end of the sacrum (Fig 313 
muscle origins are colored pink insertions blue) 

The ribs are 24 bowetl bones (12 on each side) that with the tho- 
racic vertebrae behind and the sternum in front form the thorax or 
framework of the chest Starting above they are numbered 1 to 12 in 
numerical correspondence with the thoracic vertebrae The first 7 nbs 
are called true ribs because they arc connected in front through the 
costal cartilages with the sternum The lower 5 are termed false since 
the eighth ninth and tenth have a common connection with the sternum 
each being joined to the costal cartilage of the nb above while the 
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ele^enth and tsselfth also called floating ribs have no connection at all 
with the sternum 

A topical rtb such as the sixth has an anterior end tliat shot s a 
cuphke depression into which fits the outer end of the costal cartilage 
and a posterior or vertebral end that presents for descnption a head 
neck and tubercle The mam part of the nb is called the shaft The 
head or posterior extremity shows tv\o small smooth areas (facets) for 
articulation with the (horaac vertebrae abov e and below through a short 
ligament the head is attached between these areas to the intervertebral 
disc The neck is the short constricted portion in front of the head and 
IS marked off from the shaft by the tubercle a small elevation with a 
facet for articulation with the transverse process of the corresponding 
vertebra The shaft is thin and flat with sharp upper and lower borders 
it IS bowed outwards and somewhat twisted as well The arch shows a 
somewhat sharp bend called the angle, about 2 inches in front of the 
tubercle (Fig 3 14) 

The first second tenth eleventh and twelfth ribs show special fea 
tures The first and second are relativel) short espeaally the first and 
show sharp curvatures The surfaces of their flat and broad shafts look 
upw ards and dow nw ards and are not twisted 

The sternum (L. cliest) or breast bone is an elongated fiat bone 
resembling a Roman sword occupying the center of the front of the 
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chest. The upper, somewhat triangular part, is called the manubrium 
(L., handle) and the lower, pointed part, the xiphoid (Gk., sword) 
process, or ensiCorm (L., swoi^) cartilage. The upper border of the 
manubrium shows a shallow concavity — the suprasternal notch. The 
main part of the sternum between the manubrium and the xiphoid 
process is known as the body, or gladiolus (L., strorcl) . The upper 10 ribs 
are connected to the sternum through 7 bars of cartilage, called the 
costal cartilages (Fig. 3.15). 

The vertebral column and the thorax as □ whole. The vertebral column 
presents four airves: cervical convex fonvards; thoracic contex back- 
wards: lumbar convex fonvards: and pelvit^ or sacral, with its convexity 
backwards. The contexities are thus directed alternately fonvard and 
backivard. Tlie thoracic and pelvic cun-es are termed primary since they 
appear in early fetal life, the cervical and lumbar cun^es are secondary, 
or compensatory. The cervical curve appears when the baby is able to 
sit up; the lumbar when he commences to walk (Fig. 3.7) . 

Tu&»rcla 


Fig. 3.14. Typieol ribs, 
fifth rib, inferior ond 
ospects, respectively; C, first rib. cortilogt ef slemum 
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There are three lairl) common 
deformities of the spine lateral 
curvature (scoliosis), kyphosis, and 
lordosis The normal spinal column 
observed from behind, is almost per 
feet!) straight, there is no deviation 
to either side But as a result of 
fault) habits of posture, from vseak 
ness of muscles (for example, as may 
result from anterior poliom)elitis) 
or certain other causes, a lateral cur 
vature ma> develop that is most 
commonl) situated vriih the middle 
of the curve in the lower dorsal 
(ihoraac) and upper lumbar re 
gions The convexit) of the curve 
ma) be directed either to the left or 
to the right Compensator) curves 
with their convexities having direc 
tions opposite to that of the main, 
or pnmar), curve develop m the 
spinal column above and below the latter K>'phosi5 is usually an exag 
geration of the normal backward convexity in the tlorsal region, it is 
sometimes called ‘ humpback." Lordosis, or ‘ hollow back,’ is an exagger- 
ation of the forward convexity in the lumbar region (Fig 3 16) 

Spinal ligaments Short but stout ligaments pass between the vertebral 
spines The most important are in two sets, the interspinous and supra- 



Fig 3 15 The ttemum (breast bone) end 
eoitol MrSilogei ((a blue) 



Fig 3 16 Three common abnon»ol<ties el the spine A, lot 
erol corvolore, or scoliow B, bowed bock, or kyphosis, 
C, hollow bock, or exoggeroled lordosis. 
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spinous ligaments respecti\ely The supraspinous ligaments of the cer 
Mcal venebrae are especiall) stout and strong and together form a thid. 
cord called the ligamentum nucbae or the nucinl ligament In quad 
rupeds the nudial ligament is an important aid in the horse for e\am 
pie It lies beneath the mane and aids in holding up the head against 
gravity Otlier ligaments bind the fronts and bach of the lertebnl bodies 
together still others called ligamenta flasa because of their yellow color 
stretch between the laminae of the vertebrae 

Bones of the head 

The bony frameuork of the head is called the shull The skull e\clu 
site of the bone of the iouer jaw is usually known as the cranium 
Sometimes the word skull is also restricted to this part of the liead and 
IS thus used synonymously with cranium The upper domed part of the 
skull IS called the skullcap or caharia There are 22 bones entering into 
the formation of the skull \1| with ihe exception of the lower jiw or 
mandihle are immovably fixed m position Of these 15 bones form the 
skeleton of (he face and the hollow globular portion that encloses the 
brain 7 other bones though entering into the structure of the facial 
part of the head are deeply situated and do not contribute to the con 
tours of the face A list of tlie bones of the head is given below The skull 
as a whole is shov>n m Figures 3 36 to S 38 

BONES OF THE HEAD 

1 frontal bone 

pineul 1 ones (ngl t and left) 

2 t^ponl l»n« (ngh. -.n.l let.) ^ 

1 occip ul bone ' ' 

1 spliciio d bone 

1 ethmoid bone 

2 mixilhe (sii g inaMlla) 

1 mandif le (lower jaw) 

2 rygomai c bones (dieek bones) 

2 nasal bones 

2 paUl ne bones 

1 somer 

2 lacrimal bones 
2 inferior condiae 

The frontal bone is a large bone that is shapetl somewhat like a 
cockleshell whicli forms the forehead and upper j art of tlie orbit (eye 
socket) (Fig 3 17) Its convex surface u covert by skin and the forepart 


Bones that enter into sm ctiirc of face but 
do not appear on surface 
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nesol bone temol surfoee 


of the scalp A little abote each orbit is an arclied election called the 
superciliary arch Abo%e each of the latter a bosshke elesation the 
frontal tuberosit), is to be seen A short distance below the superaliary 
arches, cun^d nms of the bone form the supraorbital margins On each 
side a horizontal plate (orbital plate) extends backward from the latter 
and constitutes the roof of the orbit Between the supraorbital margins, 
a short, broad, notched tongue of bone projects downward and articulates 
on each side s^iih a nasal bone and the nasal process of a maxilla This 
part of the bone, which is referred to as its nasal part, ends below in a 
sharp spike called the frontal spine The latter forms part of the septum 
of the nose, it articulates behind with the perpendicular plate of the 
ethmoid bone Abose the base of the nasal part and between the sujier 
ahary arches is a slight ele\'3tion called the glabella The frontal bone 
between the superaliary arches and including their inner portions con 
sists of two thin plates that enclose bcmeen them relatnel) large spaces 
known as the frontal air sinuses Behind, the frontal bone is joined to 
the ts\o panetaf bones by a senatctf (saw toothed) articufation ailed the 
coronal suture In the )oung infant the frontal bone is tn two separate 
lateral hahes separated bj the frontal suture, the two halves commence 
to unite in the second jear In the infant skull, where the coronal and 
sagittal sutures meet (this latter suture is described below), is a rather 
large lozenge shaped gap in the skull bone that is cosered onl) by mem 
brane and the tissues of the scalp It is called the anterior fontanelle 
It closes about the middle of the second ^ear (Fig 3 18) 

The parietal bones, One on either side ol the dome of the skull, are 
somewhat bowl shaped, with their concase surfaces facing toward die 
brain The) are joined in the midline b) a saw toothed joint that runs 
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Fi9 3 18 The skull at birth Left, superior aspect A, anterior fontonelle 
B, posterior FontanelJe Pight, (oteral aspect A, anterior fontaneJJe; C, an 
terolaterol fontonelle, 0, posterolateral fontonelle 


anteropostenorly and is called the sagittal suture. They are joined to the 
frontal bone by the coronal suture, and lo the occipital bone by the 
lambdoid suture (Fig 3 19) In the infant skull, a triangular space closed 
by membrane only is situated at the junction of the lambdoid and sagittal 
sutures It is called the posterior fontanelle, and is much smaller than 
the anterior fontanelle Also, us time of closure is much earlier than that 
of the latter, namely, betiveen the second and third months after birth 
Tsvo other fontanelles — anterolateral and posterolateral — are situated at 
the inferior angles of the parictai bone on each side of the infant skuff 
They are shown m Figure 3 18 



surface 


50 - The 5he/efon ond /he Muscu/or Syi/em 



Fig 3 20 Outer jurfaee of oc< ptol bene It should be understoed thot groups of 
muscles — Iropez us occ p refrenlol s sem sp not s reet etc —though represented 
on one side only for the soke of s mpl aty ore ectvolly biloterol In this end ether 
fgures muscle ong ns ore colored p nk insert ens blue 

The ocapital bone forms the back of the skull and the postenor 
pan of the base The basal part supports the louermosl part of the brain 
(the medulla oblongata Ch 57) and is perforated by a large opening 
called the foramen magnum tluough svhich the brain becomes contin 
uous Slid] the spinal cord (Ftg 320) On either side of the anterior part 
of the foramen is a smooth obliquel) set almond shaped area called the 
occipital condjle The cond)les rest upon corresponding areas of the 
atlas vertebra About raidtsa) between the margin of the foramen 
magnum and the upper or lambdoid border of the bone is a prominent 
elevation called the external occipital protuberance It can bo felt as a 
distinct bump m the living suV^tct. A contsponding lougb eltvaticm is 
present on the interior of the bone it is known as the internal occipital 
protuberance Arching outwards from eacli side of the external occipital 
protuberance is a ndge called the inferior nuchal line Similar ndges — 
the superior nuchal lines — ^are situated a little above and posteriorly 
The trapezius muscle takes ongin from the superior nuchal line of the 
same side while into the infenor nuchal line the superior oblique and 
rectus capitis rnajor and minor, are inserted 

The temporal bones are situated on the sides and base of the skull 
Each consists of a thin flat portion called the squamous part, a stout 
wedge shaped mass called tlie petrous part, a lower posterior portion 
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Fig 3 21 The outer surface 
of the left fetriporol bone 
Pink squamous port blue 
mastoid port uncolored, 
tympanie port 



called the mastoid portion, and a curbed plate l>ing below the squamous 
part and in front of the mastoid process called the tympanic part (Fig 
3 21) The s^i/amoi/s part is placed almost vertically' at the side ol the 
skull A horizontal bndgeltke bar of bone known as the zygomatic proc* 
ess springs from its loiver part and, running fomard articulates tilth 
the temporal process of the zygomatic bone TIte peliot/s part is nearly 
honzontal and directed obliquely inuard and forti'ard It ts nedged 
between the sphenoid and occipital bones, forming part of the base of 
the skull It contains the organs of hearing and equilibrium The mastoid 
part is thick and forms that part of the skull behind the ear The part 
immediately behind the outer opening (meatus) of the ear is continued 
dovsnt^ard as a heavy, conical projection called the mastoid process, 
which contains numerous air cells, these communicate vMih the middle 
ear, and inflammation of the latter not infrequently extends into them 
causing the condition known as mastoiditis The tympanic part is situ 
ated below the sguamous ^part and in front of the mastoid ^process it 
forms the lower half of the bony part of the external auditory meatus 
that IS, the external bony canal of the ear that is closed at its inner end 
by the eardrum or tympanic membrane (see Fig 3 22) 

A slender process about I inch long projects downvsard and a little 
fonvard from the under aspect of the bone in the region of the tympanic 
part and in front of the mastoid part It is called the siyloid process, 
and gives origin to three elongated slender muscles that descend to the 
tongue neck, and pharynx 

The sphenoid bone is an unpaired bone forming pan of the base of 
the skull, it IS situated in front of the basilar part of the occipital bone 
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Fig 3 22 Section through the tem- 
poral bone to show inner half or so 
of the nuddle ear and the intemol 
eor (p nk) beyond wh ch is imog ned 
os seen through the inner wall of 
the middle eor (See also Ch 4S ) 

Its shape has been compared to that of a bat with outspread wtngs It has 
a body from which spring two larger and two much smaller svings, and 
ttvo pterygoid processes that project dotvnssard from the body where this 
IS jotned to the large wings On the upper, or intracranial, aspect of the 
body IS a deep depression called the sella turcica (Turkish saddle) winch 
lodges the hypophjsis cerebri or pituitary body The sella turcica i$ 
bounded in front by an o\al elevation (tuberculum sellae) and beliind 


Fig 3 23 Showing how Mgc 
tion may spread from the 
nosophorynx to the middle 
ear masto d cells and even 
to the meninges of the brain 
The norrow passage lead ng 
from the middle ear is called 
the od tus of the masto d on 
trum Fine canals lead from 
the letter to the mastoid cells 
the whole system s I ned by 
mucous membrone 
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by a square bony plate called the domim sellae Tiie optic nerve and 
ophthalmic arterj are transmuted through a round opening — the optic 
foramen — situated at the base of the lesser tving (Fig 3 24) 



F9 3 24 The sphenoid bone (mtercfon al> A posterior ospeef 
6 super or gspect 

The zygomatic (old term malar) or clieek bone, is a quadrilateral 
bone iliat forms part of the outer wall and floor of the orbit and the 
prominence of the cheek It articuhtes with the frontal the maxilla 
and the temporal bones (Figs 5 25 and 19 G) 

The nasal bones are two small bones placed side by side between 



Fg 3 25 The left rygomot e bone Fig 3 26 The r ght nasal bone A outer surfocej 
medial surface lateral surface B medial surface 

shown fn F gure 3 37 green 
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the frontal processes of the maxilhe The} articulate abo\c \uili the 
frontal bone and together form the bridge of the nmc (Hg ^ 2f) 

The ethmoid bone is \er} light and porous and cuboidal in slnpt 
(Fig 5 27) It IS located in the front part of the base of the skull and 
contributes to the formation of (a) the medial sialls of the orbital 
casiiies (e}e sockets) (b) the septum of the nose and (c) the roof and 
outer svalls of the nasal casitics It is composed of (1) a hori/ontal |>cr 
foraietl plate calletl the cribriform plate (2) a pcqwndicular plate 
and (3) a lateral mass called the lahsTinih on cither side. The ciibri 
form plate fits into the central notcli (ethmoid notch) in the anterior 
part of the frontal bone its numerous perforations or foramina transmit 
the olfactory neiaes from the nasal easily to the brain From the up{>cr 
surface of this plate a triangular spur of bone projects ujiuards into tl c 
cranial easily it is called the crista galh (cocks comb) The ficrpcn 
dicular plate is directed downward from the cnbnform plate and forms 
the upper part of the nasal septum Each labsrtnlh consists of a number 
of air sinuses (he ethmoid sinuses situated between two scrtical Ixms 
plates the lateral of sshtch forms a pan of ihc medial ssnll of the orbital 
easily the medial plate of the labyrinth contributes to the formation of 
the outer ssall of the corresponding nasal easily It is a thm lamina enn 
tintious abose waft the under surface of the ethmoid bone as lower part 
IS consoluied or rolled and is called the middle nasal concha (L. a shell) 
\bose the middle conclia is a deep groosc or furros called the superior 
meatus (passage) of the nmc abose a again is a cursed plate of lionc 
knossn as tlie superior nasal concha (tuTbtnnle bones are older names 
for tltc conchac) 

The inferior nasal concliac arc separate bones they are two cursetl 
laminae lying horizontally one on each lateral wall of the nisnl casits 
The lateral aspect of the bone presents a longitudinal furrow or con 
easily that forms part of die inferior meatus of the nose (Fig 3 28) 


A 



fa 3J7 The elhmo d bon« Utt lupe or eiiXKl r ght r ghl lofefol 
otpect (r ght tobyr nih remored 
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The >omcr is a ihm qu^fl 
rilaieral phte ihai forms (he 
back and loi» er part of the nasal 
septum (Fig 3 29) 

The palatine bones are f\\o 
bones shaped, respectively, soihe 
what like tlie letter L and a re 
versed L ( J), and situated jn 
the posterior pan of the nasal 
cavity between the pterygOid 
processes of the sphenoid bone 
and the two maxillae. Each pos 
sesses a horizontal and a vertical plate The piliiine bones aid in the 
formation of the floor and outer wall of tht ntsal cavity, the roof of the 
mouth, and the floor of the orbital cavit) Ladi bone has ttco processes — 


Fig 3 29 The vomer, left lot 
With moxillo polotino erol ospeet 

orbital and sphenoidal — and a tubercle (also caJletl the pjramidaJ proc 
ess) The orbital process is directevl upwards and outwards from the 
perpendicular plate, its laienti surface contributing to the formation of 
the floor of die orbital cavity The sphenoidal process points upward and 
inv>ard and articulates with 
the sphenoid The tubercle 
projects backward, downward 
and laterally from the j>oini 
of union of the horizontal 
and jjerjieiidiailar pines (Fig 
3 30) 

The lacrimal bones are 
two ver) smalt, delicate bones, 
each assists in the formation 
of the fiont part of the medial 
wall of the orbital cnvitj and, 
together with the fronnl proc 
css of the mixilh forms a 
groove (lacrimal groove) that 



Fig 3 30 The paloime bones A, medio! aspect 
of bone of left side 6 posterior aspect of bone 
of right side 




mediol surface 
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Imlges ilic bcnmal sac and nasohcrimal (tear) 
duct (Fig SSI) 

The maxiUac (upper bones) form a large 
part of the face, thej carr) the upper teeth Each 
bone contributes to the formation of the roof of 
the mouth the floor of the orbital cavity, and the 
floor and outer ual! of the nasal cavity (Figs 
S 32 and S 3G) The hody of the bone constitutes 
Its greatest part and contains a large pyramidal 
air space called the maxillary sinus (old term 
aritnim of Highmore) The mavilla has four 
processes — zygomatic, frontal, alveolar, and pala 
tine — that spring from the body The zygomatic 
process arises from the upper and lateral parts of 
tlie bcxiy It articulates with the zygomatic bone 
The frontal process projects upward tooccupy a position between the nasal 
and lacrimal bones and forms a part of the outer wall of the nasal cavity 
Tlie alveolar process is a iliicU, curved horseshoe shaped process projecting 
downward from the lower limit of the body It contains sockets for the lodg 
ment of the upper teeth 8 m number, on each side Tlie palatine process 
lies horizontally and projects tovvanl the midline vi^Iicrc it artinilatcs witli 
the corresjiondmg process of die maxilla of the opjxisitc side Ji forms with 
us fellow . the anterior three quarters or so of the bony palate and part of 
the floor of the nose ll articulates behind with the horizontal plate of the 
palatine bone. The process near its medial free ctlgc, is raisctl intoa ndge— 
(he nasal crest — that, with the corresjKinding ridge of die ojiposite maxilla. 


With 

frontal 



nasal concha 

Fig 3 3t The left loeri 
mol bone lateral surface 
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lorms a groo\e into winch is fitted the lower edge of the \onier In front 
the ridges of the two bones fonn an upward projecting spine called 
the nasal spine The two pala 
tine processes sometimes fad to 
meet in the mid line and Iea\e 
a gap — a de\elopmental anom 
aly known as cleft palate which 
is frequentl) accompanied by 
a harelip (Fig 3 33) 

The mandible (or lower 
jaw) IS a large strong bone 
forming the chin and sides of 
the face It consists of a Iron 
zontall) cursed body and two 
flat broad processes called rami (sing taintis) that project upwards with a 
slight inclination backward The bo<ly forms the chin and is strongly 
arched It has IG sockets for the lodgment of the lower teeth A perforation 
on Its antenor surface — the mental foramen — on each side a little distance 
from the midline gi\es exit to the mental nerse and \essels The ramus on 
each side has two processes at its upper extremity, separated by the concaae 
upper margin of the bone The anterior process known as the coronoid, 
IS fiat and triangidan it projects iipivard and shghily forward The pos 
tenor process called the condyloid, t$ more prominent and somet\hat 
Itook shaped and has a rounded upper end that articulates with the base 
of the skull where it fits into a depression — the ariicular fossa — of the 
temporal bane Moiemeni of the head of this process within the fossa 
permits the opening or closing of tlie jnw (Fig 3 31) 

The hyoid bone, though strictly speaking not t bone of the face is 
usually described along with the facial bones for convenience It can be 
piainl) felt bj the fingers placed on (he neck below the chin It is a 
small, fragile U shaped bone ind is suspended from the styloid processes 
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of the temporal bones by the styIoh}oid ligaments It consists of a quadn 
lateral body and u\o elongated processes or horns, on each side called 
the greater and the lesser cornua The hjoid gnes attachment to muscles 
of the tongue and pharynx and other small muscles of die neck such as 
themylohjoid omohjoid and th)roh}oid The h)oid bone is of medico- 
legal interest since in murder by strangulation it is frequently frac 
tured (Fig 3 35) 

The paranasal sinuses are 
a sjstem of air spaces within 
the maxillae and the frontal 
sphenoid and ethmoid bones 
that communicate uith the 
nasal Cannes They hasebeen 
touched upon in the desaip- 
uons of the respectiie bones 
but will be described more 
fully m Chapter 19 

The skull os a whole The 
skull IS poised upon the sum 
mit of the sericbral column 
^^here it rests upon the atlas 
vertebra the occipital condyles making contact with the articular surfaces 
on the lateral masses of the axis 

The bones of die adult skull ivith the exception of the mandible 
are joined so intimately to one another iliai no mosement between them 
13 possible The unions between die bones are \ery irregular and with 
their numerous indentations and projections resemble the shore lines on 
a map The serrated joints (see p 74) are called sutures (L sulura a 
seam) The sutures are quite evident in young persons but in the aged 
they tend to become indistinct or obliterated the bones becoming fused 
with one another 

The brain case that is the part of the skull containing die brain is 
composed of tlie frontal parietal temporal and occipital bones together 
W3ih those bones forming the base of the skull 

In infancy and diildhood the skull as compared with the adult 
skull represents a much larger proportion of the skeleton In other words 
the child s skull is nearer its adult size than is any other part of his skele- 
ton The brain and skull grow rapidly up to the seventh year, and most 
rapidly during the first 18 months after birth Growth slows after the 
seventh year up to the time of puberty when another period of rapid 
enlargement of the brain and consequently of the skull occurs 

The shape of die skull varies considerably between individuals and 
It has long been recognized that die antcniposterior and transverse pro- 
portions are racial characteristics N^roes and some East Indian tribes 
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ha\e long heads whereas the Dutch Albanians some Chinese the EsU 
moH and some tribes of Amcncan Indians have heads with short antero- 
posterior diameters Between these two extremes are Europeans of the 
Nordic races and some East Indians T7ie term doltocephaltc is given to 
the long heads and brachiocepi alic to die short or round heads (the 
Cromnelhan round Jieads were so called onl) because the) cut their 
hair short) There is no racial difference in the capacit) of the bram case 

The four views of the skuH — the front die side the base and from 
above — are called respective!) the norma frontalis norma lateralis 
norma basilaris and norma vemcalu The first three of these are shown 
in Figures 3 36 to 3 38 

When the upper part of the skull bone and the brain are removed 
and the interior of the base of the skull exposed the contours of the 
bones composing the latter mark it off into three areas called the ante- 
rior middle and posterior cranial fossae Tlie anterior fossa is formetl 
by the orbital plate of the frontal bone the cribriform plate and crista 
galh of the ethmoid and the lesser wings and anterior part of the body 
of the sphenoids The middle fossa is formed by the greater wings and a 
pan of the body of the sphenoid bone and by the temporal bone (petrous 
pan) The posterior fossa is formed mainly by the occipital bone but 
also to ^ minor extent by the petrous part of the temporal and the 
posterior part of the sphenoid v here u joins the occipital 

The orbital cavity is formed by die mosaiclike fitting together of 
parts of 7 bones frontal lacrimal sphenoid ethmoid zygomatic and 
themaMlIa (Figs 3 36 3 37) 

Bones of the upper (imb and shoulder 

The scajjula or shouhler blade is a large flat triangular bone that 
occupies one on each side the upper and lateral two thirds or so of the 
posterior chest wall extending from the second to the seventh ribs From 
us posterior surface projects a prominent elongated oblique shelflike 
ridge called the sjunc of the scajwila which marks off this aspect of the 
bone into n upper and a lov er mucli laiger part called respectively 
the supraspinous and infrasjrinous fossa The lateral end of the spine 
IS expanded and overhangs the shoulder joint it is called the acromion 
The lateral angle of the shoulder blade is thick and broad and is called 
the head of the scapula It is concave for the reception of the head of 
the humerus the hollow being named the glenoid cavity A somewhat 
liooked beakhke process projects forwaid from the upper border of the 
head il is called the coracoid process (Fig 3 59) 

The clavicle or collar bone is a slender elongated bone lying lion 
zonially at the root of the neck it can be felt just beneath the skin It 
serves to brace back tbe shoulder and to transmit a part of the weight 
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Fig 3 36 The skull, norma frontalis Pink moxilla, ponetol, blue spenoid, nosol man 
dibte yellow temporal, green xygomolic inferior nosol concha, orange lacnmol, vomer, 
uncolored frontal, ethmoid 

of the arm to the axjal skeleton It presents a double ame, its outer part 
being concase fonvards and its inner portion consex fonv'ards It articu 
lates at its inner end ssith the manubrium of the sternum and at its outer 
end ssith the acromion of the sapufa (Fig S40} 

The humerus is the bone of the ann (shoulder to elbow) Its upper 
end IS composed of a head and two prominences called the greater and 
lesser tuberosities The head is smooth and hemispherical and in life is 
cosered by h)aline cartilage It is directed inward, backward and upward 
to fit into the glenoid casity of the scapula The tuberosities are placed 
anteriorly, the greater to the outer side of the lesser They are separated by 
a longitudinal groose — the bicipital groove — that lodges the tendon of 
the long head of the biceps muscle The lower expanded, somewhat 
triangular extremity articulates with the bones of the forearm, its ouier 
part, called the capitulum, with the head of the radius, its inner (medial) 
pulley shaped part, called the troclilea, with the concasity on the upper 
end of the ulna The prominences, one on either side of the lower end 
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F!g 3 39 The ri9ht $copula (shotfUer blode) leh potter or surfoce right 
onterior (cottal) turfoce Broken I net shew ep physeol I nes. 


are called respectnel)', die medial and lateral epicoD(l)]cs The medial 
epicondyle >s the more prominent of the two and can be fell in the In ing 
subject immediately beneath the skin (Fig 3*11) 

The radius is the lateral bone of the forearm Its shaft is slender 
abo^e but utdens below and is slightly boned niih the conse\.it} out 
nards its loner end slions a pronounced expansion nitli a small 
donnward pjTamidal projection on its outer side called the stjloid 
process (Figs 3 42 3 43) The upper end or head, of the bone is disc 
shaped the small, concase upper aspect artiailates with the capitulum 
of the humerus ^fedlall} the head articulates nith a shallon depression 
the radial noiiii on the ulna A Imle bclou the inner part ol tiie head 



fig 3 40 The right 
clov de A infer or 
ospect B super or 
aspect 
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3 41 The right humem left ontenor aspect foreorm anterior aspect rad us at 


ftghf, posterior aspect the leff, utna at the right 

IS 1 rough o\al elesation called ihe tubcrostty, into uhtch the tendon of 
the biceps is inserted The portion of the bone between the head and 
die tuberosity »s called the neck (Fig 3 42) 

Fracture through the loiser end of ilie radius is known as Colles’s 
fracture Of all fractures it is one of the most common and is caused by 
a fall upon the pa/ra of f/ie hand, the wetgftt of the badf 6eing thus sod 
deni) transmuted through the radius to the ground The styloid process 
of the ulna, as a result of the pull upon it by attached ligaments, is 
usually broken off as well The wnst shows a cliaracienstic deformity 
that has been compared to a luriied-domi fork this appearance being 
gisen b) Uie prominent hump on the back of the wrist and the concavity 
formed by the volar aspect of the wrist and hand The hmd is also 
displaced outwards 

The ulna lies on the medial side of tlie forearm It has a stout, hook 
shaped upper extremity, the concavity of v\hidi looks fon\ard and 
articulates with the troclilea of the humerus The back and upper part of 
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the hooklike upper end forms the 
prominence of ihe elbo^v and is called 
the olecranon, its uppermost pan is 
bent fonsard like a beak that fits into 
a depression on the back of the lower 
end of the humerus abo\e the trochlea 
The lower part of the concase articu 
lar surface forms a prominent fonvard 
projection called the coronoid proc 
ess Tlieartjcularsurfaceitself formed 
h) the anterior surface of the ole 
cranon and the upper surface of the 
coronoid process is called the troch 
lear notch Adjoining this on its lat 
eial side is a smaller articular surface 
knoitn as the radial notch which 
lodges the side of the head of the 
radius The lower end of the ulna is 
small little broader than the shaft of 
the bone and has a small rounded 
downward projection on its inner 
side this IS called the stjloid process 
(Figs 342 3 43) 

Fig 3 43 The bones of the r ght fere* 

orm poster or ospeet olno ot ihe fefi Bones of fhe wnst (carpusl ond hand 
radius of the right The bones are sepa 

ni.r..u.t.i„inembran,nol.bo-r. The carpus The carpal, Or Ss ml, 

bones form two rows of four bones 
each They are small and of different irregular shapes The proximal row 
consists of the scaphoid (boat shaped) lunate ([half]moon shaped) 
triquetral (triangular) , and pisiform (like a pea) , respectively starting 
from the outer side The distal row is made up of the trapezium (table) , 
trapezoid (like a table quadrilateral), capitate (round like a head) , and 
hamate (hooked), respectively, from the outer side The outer three 
bones of the proximal row together form a smooth arched upper surface 
that articulates with the lower end of the radius and a disc of cartilage 
below the ulna (Fig 3 44) 

The metocorpus The metacarpal bones are five elongated bones that 
form die framevxork of the body of the hand (palm and back) They are 
referred to by numbers starting from the lateral (thumb) side Their 
expanded proximal ends or bases articulate with the distal row of carpal 
bones as v\eU as with one another on one or both sides The first meta 
carpal (metacarpal of the thumb) is an exception in tint it does not 
articulate with the second metacarpal (metacarpal of the index) The 
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Fig 3 44 The bones of the fight hand onfenor («>lor or palmer) ospect 
Roman numerols refer to the metacarpal bones 


distal ends or heads of the mctacarpals are smooth and rounded and 
aritculaie each ssith the proxnml end of the first phalanx of the thumb 
or a finger The heads of the meiacarpals form the knuckles (Fig 3 44) 
The phalanges (s ng phalanx) the thumb and finger bones There ire 
three bones for each of the four fingers, and two for the thumb The> are 
numbered one to three from the proximal to the distal end of the fingers 
or one and Uvo for the thumb The bise, or proximal end of each bone 
IS broader than tlie adjoining shaft The distal end, or head, of eacli 
phalanx is smooth and resembles a pulle) (except the terminal ones that 
form the tips of the fingers and thumb) The base of the first plnJanx 
nrticuiites ri^iih the head of the corresponding metacarpal that of the 
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second plnlanx uith tlie head of ilie first and the base of the third (m 
the case of finpers) ssttli the liead of the second Tlic tinid or icmiind 
phalanx is considerably shorter more slender than the others and some 
ulni tapered 

Bones of the hip and lower limb 

The bones composing the hip and loner limb are the os coxae 
femur patella tibia fibula the tarsals metatarsals and phalanges o( 
the foot 

The os coxae or hipbone (old term os tmiommatum) is a large 
massive irregularl) shaped bone uith a pronounced constriction in the 
middle where is situated i cup shaped dqvression ailed the acetabulum 
(Fig 3 45) this hollow loilges the head of the femur The hijiboncs 
contribute largely to the formation of the pelvic aviiy Eacli bone dcvcl 
ops m three separate parts ailed the ilium the ischium and the pubis, 
that are joined by artilage in early life along a \ sliapcd line vvithm 
the acetabulum Bony union commences at about 12 years but is not 
complete until between 20 and 2a years The mmes of these parts of the 
bone are retained to describe it m the adult TJic ilium (pi tlia) is the 
ujiper expanded or flared part of the bone The bone is inrrowetl belov 
where it forms part of the acetabulum The ujiper border of the diiiin 


A B 



Fig 3 45 The nght oi coxae 


(hpbone) A exie nei surfoee B neJo! ludoce 
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forms a thick curved nm called the itnc crest uliich is easily fell at the 
level of the waist in the living subject This nm ends anienorly and 
below m a projection that can be felt in the upper part of the groin and 
that IS called the anterior superior iliac spine There is a less conspicuous 
elevation on the anterior border below the latter and just above the 
acetabulum know n as the anterior inferior iliac spine 

The posterior border of the thum also shows two prominences — the 
posterior superior and posterior inferior iliac spines At the inferior 
spine the posterior border turns sharply forward and forms with the 
posterior border of the ischium a bioad bay called the greater sciatic 
notch 

The upper and anterior part of the inner surface of the ilium is 
moderately concave and is called the diac fossa 

The pwhis fpl p ibcs) forms the anterior lower part of the os coxae 
Jt consists of a flat I ody and two bars of bone that spring from ii known 
as the superior and inferior rami The upper border of the body is called 
the pubic crest The superior ramus is joined in the acetabulum to the 
ihum and the ischium The inferior ramus is directed downward out 
ward and backward and becomes continuous vvith the ramus of the 
iscltmm The pubis is joined in front to its opposite fellow through a 
cartilaginous joint known as the symphysis pubis vvhidt can be felt 
beneath the skin at the lowermost point of tlie trunk 

The ischium (pi uc/ui) is sharply curved and forms the lower and 
posterior part of tiie iupbone Its upper termination is joined to the ilium 
and to the superior ramus of the piibis m the acetabulum The anterior 
Jouer and less tnassne part called the ramiis is as just menttoned con 
iinuous w-ith the inferior ramus of the pubis The lov cr heavy curved 
part situated between die upper part of the bone and the ramus is called 
the lK>dy its lowest part is rough and prominent and is called the 
tuberosity it supports the inmk in the silting position The juibis and 
ischium together form a ring of bone that encloses a space called the 
obturator foramen 

The girdle of the lower limb differs from that of the upper whereas 
the shoulder girdle consists of two pairs of bones clavicles and scajnilae 
the lower girdle consists of the two hipbones which articulate with 
the spinal column througli the joint between the ilium and the sacrum — 
the sacroiliac joint 

The pelvis (a basin) is a stout bony ring composed of the two hip 
bones which form the front and sides and the sacrum and coccyx vvhich 
complete it behind it encloses the pelvic cavity and supports the verte 
bral column It is m turn supported m the standing j osition bv ilie 
lower limbs It consists of a false and a true pelvis sejiarated by an 
imaginary oblique plane passing from the prominence of the sacrum 
downwards and forwards to the upper end of the symphysis pubis (Fig 
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3 46) The false pchis js lormeil b) the upper 
expanded portion of the ilium of each side The 
tnie pelvis is the smaller part lying belon. and 
behind the pchic inlet ivhidi is the space 
bounded by the prominence of the sacrum the 
anterior and lower parts of the two iha and the 
superior rami of the pubes The true pehis en 
closes the pehic cavity which contains the pelvic 
colon rectum urinary bladder and in the female 
the uterus ovaries and vagina The jiclvic outlet 
IS the space bounded by the tip of the cocc)-x 
the tuberosities and the inferior rami of the 
pubes The latter form the pubic arcli which lies 
below the sjanph^sis pubis 
The planes of the pelvic inlet and outlet make different angles with 
the horizontal so that the axis of the true pelvis is curved with us con 
cavity forward (Fig 3 4G) A knowledge of the anatomy of the pelvis 
of the female which differs in particulars from that of the male (Fig 
3 47) is of essential imponance m understanding the birth mechanisms 
Sex differences are more pronounced in the pelvis than in any other part 
of the skeleton The bones of the female pelvis are lighter and more finely 



Plone y of outlet 
Fg 3 46 Dagomofihe 
femoSe pelvis from iKe 
s de to show the plonei 
and axes 



F g 3 47 The mole (A) end fe- 
mole (6) pelves eompored wl h 
the diameters of ihe inlet of the 
true pelvis In the femole 
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formed tlnn those of the male and the areas of muscular atiacliments 
less strongly marked The Jliac fossae of the female are less concave, the 
ilia more vertically placed and the curves of the iliac crests less con 
spicuous, the pelvic cavity is shallower and broader due to the relative 
shortness of the sacrum and to its greater width The female pubic arcli 
IS broader and rounder, the two pillars of the arch forming an angle of at 
least 90®, whereas the male pelvic arch is usually less than a right angle 
Deformities of the pelvis may be a cause of difficult labor There are 
several types of such deformities the most commonly being rickets in 
earl) life or an associated deformity of the spine such as scoliosis or 
lordosis The normal diameters of the female pelvis are as follows 
anteroposterior (from the tip of the coccyx to the lower part of the 
symphysis pubis), 109 to 110 mm transverse (across the widest part of 
the outlet) , about 135 mm Marked reduction in either or both of these 
diameters is called a contracted pelvis 

The femur, or thigh bone, is the longest and strongest of all the 
bones It has a cjlindrical shaft, a head (upper end), and two large 


Fig 3 48 The nghl femur 
A onterlor lurfoce 8 po» 
terior surface 




70 - The Skeiefon and ihe Muscular Sysfem 
masses of bone at its lower end called the medial and lateral condyles 
The shaft is narrowest m its middle part but is expanded in its upper 
and lower parts The head whicli is smooth and rounded fits into the 
acetabulum of the hipbone It is joined to the shaft at an angle of 125® 
by a short length of bone called the neck (Fig S48) This pan is a not 
uncommon site of fracture espeaally in old persons in whom it tends to 
become less dense more or less porous and consequently weak A large 
boss of bone is situated on the outer side of the junction of the shidt 
with the neck it is called the greater trodianter A mucli smaller conical 
elevation called the lesser trodianter, projects medially and backwards 
from the posterior aspect of the junction of neck and shift Running 
down the posterior surface of the shaft from the lesser trochanter is a 
rough ridge called the linea aspera in the lower third of the shaft the 
latter divides into two one passing toward eacli condyle 

The lower end of the femur articulates with the tibia (leg bone) by 
the two condyles mentioned above which arc smooth and rounded like 
two rockers and move upon the upper surface of the tibia The patella 
articulates with the lower end of the femur just above the middle of the 
tibial articulation The two condyles are separated behind by a deep 
depression called the intercondylar notch 

The patella or kneecap a large sesamoid bone (p 57} . is developed 
in the tendon of die pnnaiial muscle (quadriceps femons) on die from 
of die thigh where it crosses the knee joint to be inserted into the tibia 
The patella is a relatively fiat roughly round bone with a pointed lower 
part or apex lo posterior surface is smoodi for articulation With the 
femur being molded to die condyles The patella is fastened to the tibia 
by the ligamcnium patellae wliidi is really the terminal part of die 
tendon of the quadriceps femons muscle (Fig 5 49) 

The tibia is the medial of the two Iwncs of the leg (knee to ankle) 



Pg 3 49 The ftghi potello A eirter or wrfoce S pojJertor lurface 
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(Figs S 50, 3 51) It IS much thicker and stronger than the fibula, tshich 
lies to Its outer side it transmits the sseighi of the body to the ground 
The upper end of the tibia broadens out to form a massive structure 
formed like an inserted prism The two masses of bone on either side 
arc called the lateral and medial condyles, the ujiper, smooth surfaces 
of which articulate SMih the corresponding condyles of the femur The 
lateral condjle the more prominent of the two projects like a shelf on 
the under surface of which is a facet for articulation with the head of 
the fibula A boss on the front of the bone at the upper end of the shaft 
is called the tubercle the hgamentum patellae is inserted into its upper 
half The shaft of the tibia shows anteriorly a sharp slightly curved crest 
lying just beneath the skin and popularly called the shin The loxoer end 
of the tibia is moderately expanded and medially, is continued doisn 
w'ards into a tapered projection called the medial malleolus This is 
easily identified as it too lies just beneath the skin The smooth, concave 
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under surface of ihis pan of the tibia articulates with the talus or first 
bone of the tarsus The lateral surface of the lower end of the tibia is 
held in close relation w ith the fibula by a strong ligament 

The fibula is the long, slender bone lying to the outer side of the 
tibia Unlike the tibia, it does not transmit the bodys eight, for the 
greater part of its length it is btmed beneath the muscles of the leg Its 
upper end is expanded into a somewhat flat, tnangular head that anicu 
lates with the tibia just beneatli the lateral condyle A stout fibrous sheet 
— the tnlerosseoiis membrane — stretches between the bones of the leg. 
It IS fastened to the opposed borders of the shafts of the bones The lower 
end of the fibula is prolonged downwards well bejond the lesel of the 
medial malleolus (of the tibia) this projection is called the lateral 
malleolus The inner side of the lateral malleolus has a smooth surface 
for articulation with the side of the talus The medial and lateral malleoli 
form the two ssell known prominences one on either side, at the ankle 
Fracture of the lower part of the fibula and separauon of the methal 
malleolus, often with tearing of neighboring ligaments, is know n as Poll j 
/raclure * It is usually caused by a slip on uneven ground causing a sharp 
turn of the ankle The loss of the bracing action of the fibula causes the 
foot to be displaced outwards (Figs 3 50,3 51) 

The lanus corresponds to the carpus and the metatarsals to the 
metacarpals, the bony framework of the foot being built upon a plan 
similar to that of the hand The number of phalanges is the same for the 
toes as for the fingers and thumb but, of course they are mucli shorter 
and thinner There are 7 tarsal bones — tJie talus, calcancum, placed 
proximally, and a distal row of 4 bones named, from the outer to the 
inner side of the instep tlie cuboid and the lateral, intermediate, and 
medial cuneiforms The scaphoid bone is wedged between the front part 
of the talus behind and die 3 cuneiforms in front (Fig 3 52) 

The talus is a large stout bone, and enters largely into the formation 
of the ankle joint, possessing a smooth pulleyhke upper surface that 
articulates with the under surface of the lower end of the tibia The talus 
surmounts the calcaneura articulating with it prinapally by a laige 
concave surface (Fig 3 53) 

The calcaneum, or heel bone, as just mentioned, articulates and 
supports the talus It articulates in front with the cuboid bone Behind, 
It IS stout and rounded and projects beyond die bones of the leg to form 
the heel The tendo calcaneus (^c/ii//«) is inserted into its posterior 
surface (Fig 3 54) 

The metatarsal bones form the antenor half or so of the instep and 
the corresponding part of the sole of the foot Their distal ends or 

* Pera\al Pott a famous surgeon of the eighteenth century suffered this fracture 
himself His name has also been attached to seieral other condiuons for example 
Pott a disease Potts tumor Pott s gangrene and Pou s aJieur)sm 
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heads are smootli and rounded 
and articulate uith the bases of 
the plialanges Their proximal 
ends or bases articulate A\ith 
the distal row of tarsal bones 
and excepting the fust (meia 
tarsal ol the thumb) , n>jth clicic 
immediate neighbors Betiseen 
us head and base a metatarsal 
bone IS roughly qlindncal md 
slightly cursed this area is 
called the s/ifl/t (Big 3 52) 

The arches of the foot are 
the result of the tarsal and 
metatarsal bones forming a 
strong longitudinal arch, the 
piers of ashicli are the calca 
neum behind the heads of the 
metatarsals in front The sum 
mit IS the superior articular 
surface of the talus to which 
the sseiglit of the body is trans 
mitted tlirough the tibia The 
arch of the foot recedes sup- 
port in us lateral ponton from 
the strong tendon of the pero 
neits longiis muscle of the leg 
(Ch 5) and several stout hga 
menis 

The longitudinal arch of 
the foot reall) consists of luo 
arches a medial and a lateral. 



Ffg 3 52 The bonet of the r ghi fool Art color 
svrfoce of lotus n blue it orfculoies wifh the 
lower end of the tib o 



Fig 3 53 (left) The rghl toJu* wecJol ojpect ort.color sotfoces In blue 
Fig 3 54 frghf) The right colcaneum medial especi; oriicular surfaces in bli 
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left foot fi by flat r ght foot 


the former being formed by the calcaneum the 
inner bones of the tanus and the first second 
and third metatarsals the latter b> the calca 
ncum the outer bones of the tarsus and the 
fourth and fifth metatarsal bones The foot is 
also arched transsersel) but to a Jess pro- 
nounced degree 

Obliteration or pronounced lotsenng of 
the arclies of the foot is knoun as flat foot, or 
pes planus near!) all the plantar surface of 
the foot then comes into contact svith the 
ground (Fig 3 5o) The foot is often turned 
outtsard (eteried) as uell The ardies of the 
foot are not de\eloped until after early child 
hood 

The foot serves n\o purposes (1) the 
obvious one of supporting the weight of the 
body and (2) providing a strong ardied lever 
for V alLing jumping etc 


JOINTS AND BURSAE 


Jeinis or articulations 

A joint IS a junction betvveen two bones In some joints such as 
those of the shoulder and hip consderable freedom of movement be 
tvveen the bones is permitted in others movement is restricted to two 
dimcns ons and vanes in range with different joints In still others stidi 
as lliose of the skull no movement at all is possible A ij'pical joint has 
the follovnng construction the articulating surfaces of the opposed 
bones are smooth reciprocally shaped to carr) out most easily a panic 
ular movement and covered with a thin lajer of cartilage (articular 
cartilage) A strong envelope of fibrous tissue the capsular ligament sur 
rounds die joint helping to hold the bones in position This and the parts 
of the bones viithin the joint not covered by cartilage are lined by a delicate 
membrane ihesynovialmembrane thejointcavity endosed by ihesestruc 
tures contains a lubricating fluid thesynovia orsymovialfluid (Fig 356) 
In some joints such as the hip and knee joints the bones are held together 
by a ligament or ligaments wuhin the joint itself (Fig 3^7) 

Many joints do not conform entirely to the foregoing description but 
differ m certain particulars The ffat curved bones forming the skull for 
example, are joined by the locking togeilier of 5av\ toothed (serraiecl) 
edges fibrous tissue but no cartilage being interposed between them 
These joints are called sutures The principal sutures are the coronal 
between the frontal and the two paneta! bones the sagittal running 
anterojxisteriorl) between the two parietal bones and the lambdoid 




(o nf F ©Inglymvis or h nge lo ftt between the humerus end ulna 


beu\een the two panetal bones and the occipital bone In some joints 
called the cartilaginous joints the bones are cohered by a lajer of Jijaline 
cartilage and m addition a disc of fibrocanilage is interposed that 
being fastened to the lajer of hjaiine cartilage aids in holding the bones 
together This tjpe of joint is found bets cen the \ertebral bodies Sjno- 
vial joints are those such as the shoulder elbou hip knee ankle etc 
tliat are lined bj a sjnosial membrane except over the articular cartilage 
and contain s)no\ia they ha\e the general construction of the typical 
joint described abose this class includes most of the jo nts of the botly 
Most synovial joints are either the ball and socket type sucli as the 
shoulder and hip joints or hinge joints (also called ginglymus joints) 
such as the elbosv knee and ankle In the shoulder joint the head of tl e 
humerus articulates uith the glenoid caitty of die scapula and in die 
hip joint the head of the femur is receised by the acetabulum of the 
os coxae both these joints permit a wide range of mosement. 

The bones forming the hip and knee joints arc held together by 
ligaments within the joint easily itself In the hip joint n short round 
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F g 3 57 The extef or, A end inferior B of the htp joint, inner woll {pelvic} of 
socket removed, C, the interior of the knee joint showing upper surface of tib a 


ligament called the Iigamentum leres passes from about the center of the 
head of the femur to the bottom of the acetabulum The femur and ttbia 
are held together withm the loice joint by tuo ligaments called the 
anterior and posterior cruciate ligaments (Fig S 57) These tt\o strong 
ligaments run from bone to bone in an oblique anteroposterior dtrec 
non and cross one another, hence their names To be mentioned for 
their practical importance are the articular cartilages of the tibia They 
are semilunar in shape, detachment of one or both of these structures 
IS not infrequent an injury of the knee joint, especially in football plajers 
and other athletes 

The joints between the bodies and processes of the vertebrae, indi 
vidually, permit of only sbght movement, but, acting together, they allovt^ 
considerable bending and tv\ istmg of the spinal column The joint surfaces 
of the vertebrae are covered b) a thin layer of hyaline cartilage The 
vertebrae are bound together by strong ligaments and by discs composed 
of a broad annual band of fibrocanilage enclosing a softer, highly elastic 
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substance calletl the nucleus pulpostis 
(Fig 3 58) This central portion is 
especially iv’ell developed in the lumbar 
region A displaced nucleus pulposus 
pressing on sensory nerve roots as they 
issue from the spinal cord is a common 
cause of sesere back pain 

Several general terms relating to 
joint injuries or disease should be de 
fined Dislocation or luxation is a com 
plete separation and displacement of 
the bones of a joint suhltixation is an 
incomplete dislocation Artlmtts means 
the inflammation of a joint including 
the capsule ligaments and synovial meinbnne is an inflamma 

tion more or less confined to thes^novnl membrane 

Bursae 

In various situations in the 
bod) but most commonly \ here 
pressure is natural!) exerted or 
where a tendon rides over a bony 
surface small sacs are developed 
containing a little fluid Such 
bursae (L sing bursa a purse) 
are to be found over the acromion 
process of die scapula about the 
knee joint over the olecranon 
process of the ulna and it the 
back of the heel between the cal 
ciiieum and the lendo calcaneus 
There are four bursae near the 
front of the knee joint the supn 
patellar between the quadriceps 
extensor tendon and the femur 
prepatellar betv een the patella 
*ind the skin and two infrapaicl 
lar deep and subcutaneous situ 
ated respectively between the 
tibia and the Iigamentum patellae 
and between the iibia and the skin 
Inflammation of a bursa is called bursttts The bursa between the patella 
and the skin not infrequentl) becomes inflamed as a result of injuiy the 
condition is popularl) known as housemaids knee (since often caused 
by work in the kneeling position) {Fig 3 59) 
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The Muscular System, 
Functional Anatomy and 
Physiology 


GENERAL DESCRIPTION OF MUSCUUR STRUCTURE, 

TYPES OF MUSCLE 

There are three tjpes o£ muscular tissue, namely, (1) smooth, non 
striated, or involuntary, (2) striated, skeletal or voluntary, and (3) 
cardiac [heart] muscle, or myocardium Cardiac muscle ihough of coune 
in\oIuntar>, is striated and tsill be described uiih the heart 

Smooth muscle largely comjKJscs the ualls of the \inoU5 digesine 
organs (esophagus stomadi intestine, etc.) and of other hollow sinic 
tures urinary bladder, ureters uterus etc It is found also in a great 
number of other situations such as in the shin blootl \csscls in ilic 
capsules and partiiions of solid organs and m glands It is also called 
insoluntaiy because uc base no conscious control oscr the actisit} of 
this t)pe of muscle. The terms striated and nonsinatcil or smooth refer 
to the microscopic crossbands seen in sbelctil muscle but tint arc absent 
from intoluritaiy muscle Smooth miisde honetcr, sfions scry fine longi 
tudinal lines or striations that, csen ssith a pos^erfiil microscope, are ill 
defined (Fig 1 1) Smootli muscle possesses ccrtiin sfiecial physiological 
projierties that smU he considered ssith the digcsine organs (Ch- 21} 

Striated, skeletal, or voluntary muscle 

Striated muscular tissue is that substance svith svhtch \sc arc all 
familiar as flesli or lean meat Its solid ennsmuent is neirl) all protein 
sshidt IS about 20 percent of the ssholc The remaining 80 j>crccm or so 
78 
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IS walez- in which various minerals, sodium (chloride and bicarbonate) , 
potassium, calcium, magnesmra. etc, are dissolved its colonng matter is 
a pigment closely resembling hemoglobin and called myoglobin. 



Rg 4 1 Microscopic oppeoronee of smooth (nonstrioted or inveluntory) muscle 
cells from the wall of the intestine, seporoted by leasing 


The rninvie (microscopic) ifrucivre of striated muscle Strtate<l muscle 
cells are long and slender They >ary greatly tn length from a milhmetcr 
or so, as in the case of tliosc of the stapedius muscle in the middle ear, 
to 50 mm or e\en more On account of their rehtively great length in 
comparison tutfi tfieir cltameier (10 to 100 microns) the ceils of muscle 
are usually called muscle fibers NexertlieJess, it is etident that muscle 
cells do not run through the entire length of most muscles They are 
joined together m series by ha\mg their ends, 'winch are tapered, applied 
to one another side by side In large muscles great numbers of such fibers 
are bound together by conncctne tissue sheaths into bundles called 
fasciculi (sing fasciculus) 

Upon close examimtion under the microscope a striated muscle fiber 
shows a series of alteinaimg hglu and dark traiisterse bands Eacli fiber 
IS cnsheathed by a delicate membrane called the sarcolcmmi (sarx, flesh 
[muscle], lemma, Jiusk), and niniiing through ns entire length are a 
great number of fine parallel filaments — the myofibrils The latter are 
embedded in the cytoplasm, usually referred to as the sarcoplasm. Eacli 
myofibril is constituted of a number of alternating light and dark sec 
tions They are called the 1 and the A (or the / and the Q) discs 
respectnely (Fig 4 2) A narrowr dark line known as the Z line, or 
Krause’s membrane, disides each light, or /, disc transversely into halves 
The discs in all the myofibrils he in line aaoss the fiber, fight to light 
and dark to dark; tfiey are die cause of the cliaractenstic strntion of 
skeletal muscle. The myofibrils arc the most minute parts of the muscle 
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that can be seen AMth the ordinar) microscope but e\en these delicate 
as they are can be shossTi bj means of the electron microscope to consist 
of a lar^e number of fine threads of protein material called actomjosin 
(p 94) These infinitely fine tlireads are called micellae The) are the 
essential contractile elements of muscle 

Light (J) bold 



Fig 4 2 Mieroscop c opp«aronce of a stnoted {votuntory or striped) muscle 
fiber lower sketch shows striolions diagrommotiCQlly and drown to larger 
stole 


The striated muscle fiber contains one or more nuclei just beneath 
the sarcolemma tn a long fiber seteral nuclei ma) be seen In basing its 
nuclei placed near ns outer boundary the striated muscle fiber differs 
from most other cells in uhich the nuclei are centrally situated Each 
muscle fiber is separated from its neighbors and is completely enseloped 
b) a ihin investment of connective tissue This sheath which lies outside 
the sarcolemma is called the endomysium A connective tissue layer the 
perimysium also encloses groups of muscle fibers holding them m bun 
dies The envelope of connective tissue surrounding the entire muscle is 
calleil the epimysium (Fig 4 3) 


Fig 4 3 A bundle of muscle fbera 
blend ng through tendon with the 
penosteum Sem d agrommof c mus- 
cle fber* and bone not drawn to 
some scale 

General anatomical features of skeletal muscle Ongms and inserlions 
Most skeletal muscles as the name implies are attached to bony struc 
tures though a few such as those of the face are attached to skin others 
are attached to cartilage and some to ligaments or to other muscles One 
of the bones to which a muscle is attaclied is usually held more or less 


Penm/sewn 



Per aslsum 
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stationary by the action of other muscles, the prime mover (see belou) 
ehas IS protrded mth a fixer? point fonts contraction This attachment 
of the muscle is usually called its origin The oilier extremity of the 
muscle, especially of a limb muscle, is most usually attached to a bone 
that moves upon some type of joint when the muscle contracts this 
attacliment is called the insertion of the muscle In the case of the raus 
cles of the limbs and of certain other parts the muscles are situated uith 
their insertions distal to their origins (that is more toward the fingers 
or toes) anti when the muscle contracts its insertion moves tovv'ard its 
origin which remains stauonary (Fig 4 4) Most voluntary muscles are 
inserted not directly into the bone but thiough the medium of a strong 
tough inelastic fibious cord called i tendon (or smew in popular hn 
giiage Fig 4 3) Tendons vary greatly in length in man from a fraction 
of an inch to more than a foot Sometimes a muscle has a tendon at each 
of Its extremities 


Fig 4U Draw ng to show th« 
action of tnuicfes cross ng a 
joint When the b ceps bra 
chill and brochlorad alis con 
tract they pull upon the rod us 
and flex the orm at the 
elbow when the triceps con 
tracts the elbow is straight 

ened (extended) 

Stiapes and fiber patterns Muscles are of many shapes and sires 
Their shapes are variously described as fusiform (spindle shaped), 
quadrilateral or rhomboid, triangular, straplike (sucli as the long muscle 
on the front and inner side of the thigh and knee) and pennate (like a 
feather) in whidi tlie fibers pass from eiUier side to a central tendon 
that they join obliquely (Fig 4 5) This arrangement of the fibers is 
called bipennate In other muscles only one half of a feather is repre 
seated the fibers passing obliquely to only one side of the tendon they 
are called umpennaie In most muscles the fibers pass in a direct line 
the line of pull — from origin to insertion 

When a muscle for example the biceps of the arm contracts it 
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appears to increase m solume. 
and the ancient and inedies-al 
phjsiaans thought that sucli ac 
tually occurred But it has been 
shouTi conclusi\eIy that no in 
crease in the solume of a muscle 
occurs sshen it contracts 

Musculor movements Muscles 
that bend a limb at a joint, sudi 
as those that raise the thigh at 
the hip joint or bend the dbow 
or knee, are called flexor muscles 
(or flexors). Those that straighten 
the limb, losser die thigh at the 
hip joint or straighten the ami 
at the elboiv or the leg at the knee are called extensor muscles (or exten* 
sors) hfuscles that mo\e die limb or other part in a direction auay 
from the mid line of the bod) or of a Iitnb are called abductors, and those 
executing the opposite movement — iliat is, bringing the hmb or other 
part toward the mid line of the bod) or of a hmb are knowm as adductors 
There are also muscles that rotate a limb In the case of the mov ements at 
the ankle joint, confusion is avoided b) adding the qualifying plantar 
and dorsi' to the vvord flexor. Thus, moving the foot upward upon the 
ankle joint is called dorsiflcxion, depressing the foot tovvard the ground is 
called plantar flexion. Dorsiflexors and plantar flexors are corresponding 
terms given to the muscles that carry out these movements (Fig 4 0) 
Turning the forearm so that the palm of the hand faces fonvard is called 
supination; turning it to bring the palm to face backward is called 
pronation 

A sphincter is a muscle whose fibers run arcularly around the onfice 
of a muscular tube or other hollow organ MTien it contracts, the entrance 
or outlet from the organ is closed much as the mouth of a bag is tight 
ened by a drawstring The lower end of the esophagus, the outlet from 
the stomach, the anal orifice, the distal end of the ureter, the neck of the 
unnary bladder, and the urethra are all guarded b) sphincters 

In performing a given movement, such as bending the leg at the 
knee or the arm at the elbow, the several muscles cariying out the move- 
ment act as a "team ’ In bending the arm at the elbow, for example, 
the muscles that execute the actual movement, biceps, etc, are called 
prime movers, but we shall see (Ch 34) that the oppositely acting mus 
cles, m this instance the tricej>s, must relax, the) are called antagonists 
The functions of these muscles are of course reversed vshen the elbow 
IS extended, the triceps now being the prime mover and the biceps 
antagonist. Fixation muscles are those that hold stationary the bone or 






Fig 4 5 Four diFTerent typM of ofrangement 
of the fibers in voluntary muscles Diagram, 
malic, description in the text 
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} 

Fig A 6 OiogrommQtic represental on of voriovs movements A exten 
Sion of fingers of right hartd flexion ot right shoulder ond elbow and of 
right hip ond knee flexion of fingers end wxnt of left hand extension 
oi left shoulder and elbow and ot left hip and knee plantar flexion of 
right foot at onWe dorsiflexion of left foot B adduction of right arm at 
shoulder abduction of left orm obductioit of right thigh at hip odduc 
tion of left (high dorsiflexion of toes C flexion of neck and trunk 
0, extension of neck ond iiunk 

bones giving origin (o the muscle thus enabling ic to applj its force most 
effeciisel) to ihe bone into ^^hlcl^ it is inserted For example in fleMng 
the elbou, the muscles about the shoulder hold the humerus, chticle, 
and scapula stead) as the flexors contract Muscles that hold a joint that 
js cross^ b) the tendon of the prime mo\er jn Uie best position lor its 
action are called sjnergists Tims when the muscles (flexors of the fin 
gers and wrist) that clench the fist contract, there is a tendenc) for the 
svTisi to be sharpl) flexed Normall) this does not ocair, bcciuse the 
muscles on the back of the forearm (extensors of the wtisi) , whose ten 
dons cross Uie back of the wrist, contract, thus gi\e nguliiy to this joint 

The manner in sshidi die nerves end in the muscles will be described 
in Chapter 34 

PHYSIOIOGY OF MUSCLE 

The muscle fiber is a high!) dilTerentiated cell whose prime function 
IS to contract, that is, to shorten, ami thus to move the limbs or other 
part of the body The power of a muscle and the amount of work it cm 
perform is dependent upon the innumerable primary functional units 
of which it is composed, namely, tire infinitely minute micelhe consti- 
tuting the muscle fibers 

Melhod of recording controctions €>f on isolated muscle Our know ledge of 
the physiology of muscular contraaion has been gained largely from 






method of record ng the control on The elecir col connect orts of the signal 
magnet hove been otniKed 


studies of the isolated muscle of the frog The muscle of the calf — the 
gastrocnemius — is the one most generally emplojed This muscle is 
attached above to the lotier end of the thigh bone (femur) and below, 
through a strong tendon called the tendo calcaneus or tendon of Aclulles 
to the bone of the heel In prepanng the muscle for an experiment it is 
removed from the animal together with its nerve suppi) (the saatic 
nerve) and the lower end of the femur The preparation is then sus 
pended by fixing the section of bone in a clamp and fastening tlie lower 
tendinous end of the muscle to a light lever, as shown m Figure 4 7 The 
lever is adjusted so as to make light contact with the surface of a revolt 
mg drum motivated by clockwork and covered with smoked paper Tins 
instrument is called a kymograph As the drum revolves the soot u 
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remo\ed by ihe point of the lc\er thus tracing a ^\hlte horizontal line 
so long as the lever remiins stitionar> Any shortening (contnction) of 
the muscle causes an upward movement of the lever which then inscribes 
a curve on iJie rotating drum 

A tuning fork of the required frequency of vibration (for example 
Koo Y>o second) IS arrangetl with a writing point to mark the time 
intervals at the bottom of the tracing or some device run by clockwork 
may be used A signal magnet is also set up in the primary arcuit of the 
inductonum (see belovv) to indicate the instant that the stimulating 
current, which also activates the signal is made or broken 

The inductonum An induced electric current is usually employed 
m classroom experiments for stimulating muscle and nerve it can be 
finely graded in strength and a senes of rapidly repeated shocks can be 
applied to the excitable tissue Tlie instrument employed for this purpose 
IS called an inductonum which consists of two cyhndncal spools or coils 
of wire called primary and secondary (Fig 4 8) The primary coil con 
sists of an iron core wound around by a few turns of thick wire It 
receives current from a dry cell a switch or key being interposed in the 
arcuit The secondary coil is composed of many turns of fine wire Its 
core being hollow it is capable of being slid like a sleeve over the pri 
mary coil It runs on parallel metal ban and can be pivoted as well 
around its transverse axis Wlien the current from the dry cell enters the 
primary coil a current is induced in the secondary coil The low electro 
motive force of the primary circuit is transformed to the high electro- 
motive force of the induced current vvhich is led off to stimulating 
electrodes fastened fo trinclfirg posts one on either end ol tJ?e homoiita) 
bars along which the secondary cod slides The primary arcuit may be 
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made and broken b) means o£ the key, or bj the rapid movements of an 
automatic interrupter, or vibrator, on the instrument itself Nerse or 
muscle can then be stimulated by a senes of rapid!) alternating male 
and break induced currents The break shock of the induced current is 
more effective as a stimulus than is the make shock. The current induced 
in the secondary coil is increased or diminished b) sliding this cod toivard 
or auay from the pnmary coil The induced current can also be graded 
b) rotating the secondary coil upon its pixot, and altering the angle it 
makes tcith the primary coil ^\hcn the secondary and pnmary cods 
ha\e their long axes at right angles to one another, there is no induced 
current A current is induced as the secondaiy coil is moved from the 
nght angle toward the horizontal position and increases steaddy the 
farther it is turned in this direction reaching a maximum for an) given 
distance from the pnmary coil when the long axes of the two cods are 
in line. 


The muscle "twitch," the simplest musculor controctjon Muscle responds 
to an) one of four t)pes of stimulus — clcclrical, mechanical, thermal or 
chemical U may be stimulated dircal) by placing electrodes on its sur 
face, or indirecll) through its nerve, as occurs naturally m the botl) 



Fg 4 9 Record of a muscle twich 
AS latent period B-C contract on 
phase C D reloxot on phase Time iis- 
deoted by lower tree ng (’/loo sec) 


UTien stimulated e.vpenmentallv m 
either of these wa)s and w*ith a single 
stimulus for example a make or 
break shock the muscle contracts and 
having raised the wnting lever to a 
certain height, relaxes again and al 
lovvs the lever to return to its ongi 
nal position Thus a curve similar to 
that shown in Figure 4 9 is inscribed 
This simple bncf contraction is called 
a muscle twitcli it is due of course 
to the shortening (contraction) m 
unison of the numerous fibers of 
which the muscle is composed A 
simple contraction or twitch does not 
occur in the living animal under or 
dinar) ph)siological conditions but 
the reflex contraction of the extensor 


coused by o v.brofing tun ng fork muscles ot the thigh caused b) a tap 
(Afisf Si rl ng J patella tendon (knee jerk) 

IS of this nature The curve shown in Figure 4 9 is marked off into three 
parts to represent corresponding pliases of the muscular response The 
stimulus was applied at A shortening of the muscle commences at B 
and relaxation at C The distance from A to B indicates the period 
elapsing from the application of the stimulus to the commencement o 
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the contraction This is called the latent period its duration is about 
0 01 second The next period (B to C) during whicli tlie lever rises 
from the horizontal line (base line) to the summit of the curve is the 
contraction phase it lasts for approximately 0 04 second The part of 
the curve from C to Z? represents the relaxation phase this has a dura 
tion of about 0 Oa second 

As determined b) the method describetl above the total duration of 
the contractile process of the frogs gastrocnemius muscle including the 
latent period is found to be about 0 I second The muscles of warm 
blooded animals have considerabl) shorter contraction times 

The latent period of the ini scle as measured from the instant of 
stimulation of us nerve is made up of (i) i! e very brief interval during 
vvhicli the initial chemical clianges are occurring in the muscle fiber and 
tension is being <le^eloped (b) the time taken for the impulse to travel 
along the nerve from the po nt of stimulation to the muscle and (c) the 
time required to overcome the inertn of the lever The last mentioned 
(c) can be almost entirely ehm naied by refined methods of recording 
for example some form of recording in which the contraction of the 
muscle moves a murored surface this reflects a beam of 1 ghi that is 
photographed The light beam v hicli is substituted for ilie material 
lever is free from inertia Furthermore us lengUi can be sucli that great 
magnification of the movements of the reflecting surface can be obtained 
The true latent period of muscle — that is the interval between the slim 
ulation of the muscle fiber and the commencement of the shortening 
process— vanes beiv cen 0 0025 and 0 004 second 

Relatonshp of force of confrocton to infensty of st mulus If a senes of 
stimuli of gradually increasing strength is applied directly to the muscle 
contraction curves of graded heights v ill be obtained (Fig 4 10) The 
weakest stimulus that will excite the m isclc is rilled tl e minimal or 
tlireshold stimulus As the strength of each successive stimulus is in 
creased a greater and greater response is obtained from the rotiscJe 
Ultimately i point is reached where the muscle contracts maximally — 
that is no further increase m the height of the contraction curve results 
from incTcasisjg the streqgili of the stimulus This is called the maximal 
stimulus 

The all or none law This law which is described more fully in 

Fg 4 10 Record of a sere* of 
contract ons caused by a succes 
sion of St mul of g oded strength 
The mosde lerer traced each of 
these I nes wh le the d om of the 
feymog oph was at rest end woi 
then moved by bond to a fresh 
pos l on offer eoch contraction 
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Chapter 35 states that an) stimulus that excjtes a tissue causes a masimal 
rcsi>onse The grading of the muscular response to stimuli of graded 
strength as just described apjiears to contradict tins statement The 
CTCplanaiion is that a muscle is composed of a number of units — the 
muscle fibers Since the force of the contraction of the avhole muscle is 
dependent uj>on the number of fibers excued by the stimulus a strong 
stimulus excites a larger number of fibers than does a ueak one and with 
a maximal stimulus the current spread to imohe all the fibers Studies 
made upon a jing/e muscle fiber ln\e shown that it does not respond b) 
graded rcsj)onscs as the strength of the stimulus is increased It responds 
maximall) or not at all that is it obc)$ the allomone law 

Summal on ond tetanus If a second stimulus is sent into an isolated 
fro«f,s muscle within tlie latent period of the first no obiious effect is 
pro iuced If howeier the second stimulus ts applied while the muscle 
u, c( turaettng in response to the first stimulus it contracts again the 
second contraction is added to the first the shortening of the nuiscic 
ben g then greater than that caused by a single stimulus The greatest 
clicct of (he second stimulus is obsened when it is applied to the muscle 
near the height of the contraction caused by the first This phcnomcnori 
wl creb) one contraction is added to a previous one to proclucc a greater 
total shancinng of the muscle is called summation (Fig 4 11) A third 
contraction may be added to a second a fourth to a third and so on 
W hen (he stimuli sent into a frog s gastrocnemius muscle are at a slower 
rate than from 15 to 30 per second the indnidual contractions can be 
(li$tingiiislicd-~(hat is they are not compieicly fused The contraction 
Cline shows smaller or larger waxes synchronous xxith the rate of sUmu 
latiou \i rates of stimulation higher than this the responses ate com 
j tevely fused the coninciion curse being j>eifccily smooth The cunc 
rises to a maximum height considcnbly greater than that caused by a 
single stimulus and remains at this height as long as the stimulation 
lasts or until the muscle becomes fatigued \ sustainetl contraction of 
this nature is called complete tetanus Tlic contraction causetl by slower 
rates of stimulation and m uhicli the tmhvtdual rcsjwnscs arc dis* 
tinguisliablc is rcfcrrcil to as incomplete tetanus 

The rate of stimulation at which complete fusion of the contractions 
occurs vanes with the specil at which a given type of muscle normally 
comracts Thus rapidly acting muscles rctpiire a higher rate of siimu 
lation to produce tetanus than do more slowly acting muscles and the 
rate required by smooth muscle is slowest of all (5 stimuli per second) 
In the rapidly actin„ muscles of the wings of insects contractions are not 
fuscvl until the rate of stimulation readies about 300 per second and 
upvvard and even a human eye musdc (internal rectus) requires a 
stvmul mon rate of 3 j 0 j>er second 

Treppe or the sfo reese phenomenon Wicn a muscle is stimulated 
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Fig -4 11 IllusUot ng summotion ond ieionm 1, two teparote contractions of 
equol amplitude, the second si mulus being applied after reloxotion of the muscle 
2, summation the second stimulus being applied ol a shorter intervol after 
the first than in 1 3 and 4 incomplete letonus coused by o senes of stimuli 
applied at short intervals apart 5 complete tetanus resulting from o still more 
rapid rote of stimufotion, the Individual museulor responses being completely 
fused (After Stirling ond Howel / ) 

repeitedly it regular intersals, the fim fess contractions of the senes 
increase successisely m ampIuuUe This phenomenon, first described (see 
heart muscle) by an Ameiican pliysiologist m 1870, is due, appaienily, 
to the beneficial effects exerted u|ion the irritability of the muscle by the 
chemical products of the first fesv contractions, and by the rise in tern 
perature (Fig 4 12) 



Rg 4 12 Illustrating treppe contracture and fatigue The muscle was st m 
ulated at intervals of one second The contractions ore very close together 
because the Icymogroph drum wos moving slowly fAffer Howell } 
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Effect of loading on muscle contraction A muscle comracts more forcibly 
it suitably loaded The increase m the height of the coninctton increases 
up to a point uith eadi ucight addecl to the scale pan suspended from 
the muscle as shoun m Figure 4 7 The force of the contractions then 
decreases again as the load is gradually increased (Fig 4 IG) For an 
isolated frog s muscle the maximum height t$ attained at a loading ucight 
of between 30 and 50 grams ‘When a Joadal muscle is sliinulatet! to 
contract the first effect is a sudden lengthening of the muscle fibers Tins 
sudden stretch causes tension in the muscle that is immediately followed 
b) shortening Tlie stretching of the fibers in some way enables tlie 
muscle to mobilize more energy tinn is |>ossible for tlie unweighted inns 
cle The same phenomenon occurs in cardiac muscle (Ch 14) Through 
out the shortening of the muscle the tension remains constant This tyj>e 
of contraction is therefore called isotonic (Gk tsos, equal -f tonus, 
tension) But if the muscle is loaded with a weight that it is unable to 
lift or IS attached to a stiff spring that it cannot bend, only a \ery slight 
shortening of the muscle fibers can occur Sucli a contraction is called 
isometric (Gk jjor equal + metron, measure) 

In tlie body the muscles execute both types of contraction The 
isometnc type is seen in those muscles that mainiain tlie bodys ]>osiuie. 
such as the extensors on the front of the thigh These exert a consiani 
pull upon the leg and thus hold die hmb in the extended position to 
afford a firm support for die body The movements of the limbs as in 
walking, lifting obyecu with the hands, or dirowing a ball, are brought 
about by isotonic coniracuons 

Fatigue If dtrect stimulation of an exased muscle — that is with the 
electrodes placed upon the muscle — be continued after the contractions 
have readied their maximum amplitude, the irniabihty of the muscle 
gradually becomes depressed due to die accumulation of lactic acid (fig 



Fig 413 Show ng the effect of oxygen loctc Upon the onset of fatigue Records 
from o pa r of sertonus mwscfei ©/ frog sftmufofed ct f-<econ<f lalervalu 
A in nitrogen fi in oxygen fAfler F/elcherJ 
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4 1 3) The concentration of laaic acid at uJndi loss of jrritabjht) of the 
muscle occurs and at ^vhlch it faib to respond to stimulation is around 
0 5 percent 

The onset and de\elopment of this state of fatigue are more rapid 
the higher the rate of stimulation Isolated muscle or one in the intact 
animal the blood suppl) of whidi has been occluded also fatigues more 
rapidly than one receuing an adequate oxjgen supply Oxygen is re 
quired for the remo\'il of the lactic acid produced during contraction 
In the muscle deprued of its blood supply this does not readil) occur 
Lactic acid accumulates and it is to sudi accumulation that the loss of 
imtabihty of the muscle IS attributed (seep 9o) 

When a muscle is stimulated not directl) but through its nerve 
fatigue supervenes much sooner — long before the lactic acid concentra 
non has reached the value at which it depresses muscular irntabilit) 
ISe knov'T that nerve is highly resistant to fatigue There must then be 
a tliird structure or tissue in the nerve muscle preparation that is pecu 
harly susceptible to fatigue this is the junction between nerve and 
muscle— the mjoncural junction — whidi exhibits the properties of a 
sjnapse (Ch 34) The earl) fatigability of the m)oneural junction can 
be demonstrated b) a simple evpennienc If the nerve to the muscle is 
stimulated repeatedly until the muscle fails to respond a stimulus of the 
same strength as before applied directly to the muscle causes a vigorous 
contraction (Fig 4 14) 



Fg 4T4 fffostrot ng ifie rearfjr fol got ( ly of ffte myoneurof (unci on fe 
before the muscle itself The muscle wos si mulofed fhrougft its nerve fo the 
orrow S ond iben cf redly 


Electrcal changes in muscle like nerve and other excmble tissues 
an action potential is developed m muscle when it contracts the active 
region of the muscle being negative lo the inactive region \ current of 
injury can also be demonstrated when one electrode is placed on a 
crushed or cut end of the muscle the other on the uninjured surface 
and the two electrodes connected thiough a galvanometer (see Fig 33 I) 
The action current or the airrent of injury in muscle can be used to 
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excite the nene of another isolated muscle 
This so-called rhcoscopic preparation is 
shoun in Figure 4 15 Wien muscle B (up- 
per sketch) IS stimulated to contract a 
tiMich of A occurs as the \va\e of conirac 
tion passes beneath its nene uhidi touches 
the contracting muscle it t^^o points Simi 
lari) if a part of the nene of muscle A 
(lower sketcli) is laid on the cut surface of 
muscle B and another part is made to 
toucli the uninjured surface of 5 a slight 
twitch of A occurs each time the latter con 
tact IS made 

Muscular work and eff ciency Work as 
defined b) the ph)sicist is the product of 
the load (expressed in grains kilograms or 
{Kiunds) and the seriical distance (in milh 
meters centimeters meters or feet) through 
which u IS raised According to the units of distance ind weight em 
p]o)ed the work is expressed in gram millimeters gram<entimeiers 
kilogram meters or foot pounds 

The isolated muscle can be made to perform work by stimulating it 
to contract and lift a weight A load consisting of a known weight is 
attached to the leier at the point of attacliment of the muscle which 
IS then stimulated The height above the baseline of the traong inscribed 
b) tlie lever is measured This measurement however is not the actual 
distance through v^hich the vscight has been raised for the shortening 
of the muscle Ins been magnifietl b) the lever The distance as mcasurcil 
must therefore be divided b) the magnification of the lever which is 
usual!) fne 

The v\ork performed b) the gastrocnemius muscle of the frog is most 
suitabl) expressed in gram millimeters For example a muscle lliai lifts 
a vseighi of 1 gram to a height of 2 mm docs 2 gram millimeters of worL 
The muscle when loadeil with a heavier vseighi may not raise it so high 
yet may do more work Thus if it lifts a vxeiglu of 4 grams only I mm ii 
does 4 gram miJhmeiers of vsork Starling witli a hglu load and gradual!) 
adding to it for a number of successive contractions it is found that the 
v\ork performed increases up to a maximum and then falls off There 
exists therefore an optimum load iliat is a load with vshich the muscle 
|>erfonns tlie ma\iimim amount of work (Fig 4 16) Since the work as 
just definetl is tlie product of the load and the lift no work is done b) 
an unloaded muscle when it contracts nor by one that contracts against 
a weight that it is unable to lift In both these instances however there 
IS an expenditure of energy that is derived from chemical processes tak 
ing place in the muscle all of this energy apjicars ultimately as hcaL 
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Fig 4 16 OiQgrom lo show the method of rneosurmg muscle work 
Heights of contractions olong verticoi Imes, weights in grams 
along the horizontol line (After MtKendeiek ) 


Of the total energ) expended b) any machine, part appears as 
mechanical isork and the remainder is dissipated as heat The effiaency 
of the machine is defined as the percentage of the total eneigy that 
appears as ivork Thus 

EfTiciency = — — 

total energy {uoik + heat) 

As mentioned abote, a muscle comiaciiiig jsometncaJlj or ti'ithout a 
load performs no \\ork alltheenergy being dissqnied as heat Contracting 
with an optimum load, on the other hand, muscle has an eiTiciency of 
from 25 to SO percent, which compares favorably with that of the best 
type of gasoline engine B> measuring the heat produced by a muscle 
during Its contraction and the work done, us efficiency can be leadily 
calculated from the equation giten abote In niaking the calculation, the 
energy appearing as work and as heat must, of course, be expressed m 
the same units U'’e may express the work m heat units (for example, 
miCTOcalories) Nosv, the heat equualent of n gram millimeter is 000255 
microcalone Therefore, if the heat produced is 84 microcafones, and 
the work performed is 1200 gram millimeters, then the total energy 
expenditure expressed as heat can be calcuhietl as follows 

Heal produced = 81 microcaJorics 
M'ork = 1200 gram millimeters 

Heat equn ileiii o[ tlie work =i 1200 x 0 0(J2S5 2 R microcalories 

Totil energy expenditure therefore = 8t + 28— 112 microcalories 

Tlie efTicicncy is 2 8/U 2 = 23 percent 

Muscle tone In the health) botl) the skeletal muscles are constantly 
maintained in a state of slight partial contraction known as tone, or 
tonus. Those muscles that sup]>ort the body m the standing position, 
such as the extensor muscles of the thigh, leg, neck, and back, show the 
greatest degree of tone Tone is a reflex phenomenon, the adequate 
stimulus for its elicitation being a stretching force The particular spinal 
rcilex insohed is called the strctdi reflex. This extremely sensiiuc reflex 
esokes a contraction m response to the least increase in muscle length 
Muscle tone is also under the control of higher centers m the brain and 
sticre di5turb.7nce5 — eitlier an mcrensc, decrease, or complete loss — in 
tone faculty occur in a number of nervous diseases 
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The chem cal const tut on of muscle Fresh muscular tissue uhicli com 
poses the lean part of beef pork etc contains about 20 percent of 
protein and around 75 percent of t aier The remaining 5 percent is 
made up of minerals and various organic compounds (gl)cogen glucose 
lipids steroids and nonprotem nitn^enous compounds) The principal 
mineral in the muscle cel! (fiber) is potassium which has a concentra 
lion of around 400 mg per 100 grams magnesium phosphorus sodium 
and calcium are present in much lower concentrations The chief non 
protein nitrogenous substances are crcaiinc, phospbocreatine adenosine> 
triphosphate and urea The mam proteins composing the contractile 
elements of muscle (the micellae) are m)ostn and actin These it o pro- 
teins are in ter) close functional association in the micellae the com 
btnation known as actom)ostn is of essential importance in the 
contractile process 

The pigment of muscle called m)oglohin or muscle hemoglobin is 
close!) allied diemtcall) as \ ell as ftinciionall) to hemoglobin 

The chemistry of muscular contractor) Muscle dentes the energ) for 
Us contraction ultimately from the combustion of carboh)dratc m the 
final step of this process ox)gen is consumed and carbon dioxide (CO ) 
and water (H O) produced The actual contraction of the iduscIc how 
eter is brought about b) the explosite separation of a molecule of 
phosphoric acid from adenosinctriphosphate (abbr ATP) Adenosine- 
diphosphate (ADP) IS thus form^ This reaction is the ter) first to 
occur when the muscle fiber contracts The molecule of phosphoric acid 
split ofT from ATP combines with gl)cogen of which a considerable 
store is present in the muscle Bber Instantaneoiisl) with the acquisition 
of phosphoric acid the gl)cogen splits off a molecule of phosphorylaied 
glucose called glucose phosphate that is conterted through a series of 
intermediate reactions to fnictose diphosphate (that is fructose com 
bined with two molecules of phosphoric acid) The fructose diphosphate 
passes through a senes of complicated reactions to form lactic acid After 
the transfer of phosphorus from ATP to gl)cogen and the formation of 
ADP phosphocrcatine spliu into creatine and phosphoric acid The 
liberated phosphorus is taken up by ADP and \TP is reformetl Thus 

phosphocreaiine -> creatine + phosphoric acid 
phosphoric acid 4- \DP-» \TP 

The consersion of ATP to ADP as just slated is the immediate 
source of the energy for the contraction of the muscle fiber From the 
breakdown of phosphocrcatine is dcn\ctl the energy for the reformation 
of ATP from phosphoric acid and ADP Phosphocrcatine is also resyn 
ihcsized the energy for the resynthesis being derned from the breakdown 
of glucose phosphate to lactic aad 

Of the lactic acid produced one fifth is oxidired to caibon dioxide 
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and ^vater The remainder (four fifths) is res)nihesi7ed to gljcogen in 
the li\er, muscles and other tissues of the body Eidi of the chemical 
changes described above is dependent upon a specific cn/jme 

The first three of the reactions occurring in muscle and tabulated 
below, mmel), the removal of phospitatc from ATP, the breakdown of 
phosphocreaune, and the breakdown of glycogen to lactic acid can be 
carried out in the absence of oxygen The removal of lactic aad (by 
ovidation) and the tesynthesis of glycogen can occur only in the pres 
ence of oxygen There are therefore two phases in the contractile process, 
a nonoxidative, anaerobic, or contraction phase and an oxidative, aero- 
bic, or recovery phase Tins latter is necessary lo restore energy producing 
substances and permit continiie<( contraction of the muscle * 


A SUMfAARY OF THE CHEMICAL CHANGES OCCURRING IN MUSCLE DURING ITS 


CONTRACTION AND RECOVERY 
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In so far as its energy relationships are concerned the muscle fiber 
has been compared to a submarine tint, while submerged is driven by 
energy stored m electric batteries, oxygen not being required, this period 
conesponds to the anaerobic phase of the process m the muscle The 

1 A muscle of oxygen (that is m an atmosphete of nitrogen) is thcrifirc 

capable of rispondmg to silmuUfion for a considerable tinii Lactic acid ii .never is 
not removed by oxidation and rcsyntliesis lo b*'* acciimiilating rcilnccs the 

iTTliabiliiy of the muscle The couamraewn of lactic acid at hIucJi the miucJe fails 
to respond Is ait und 0 pirccnl Tim is called the Iflriic acid nmxiuum Winn oxygen 
IS supplictl to a muscle fatigued by leptalcd sumulaiion in nitrogen (lie Uciic aad Is 
removed and the imiability of tlic muscle resiorcd 
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batteries are recliarged when die submersible reaches tlie surface, ox)-gen 
then being necessary This corresponds to the aerobic or recovery phase 
of the muscle 

Heat production in muscle "WTien a muscle contracts heat is produced 
The muscular tissues constitute one of the main sources of the heat of 
the body (Ch 29) In an isometnc contraction in which no i\ork is 
performed all tlie energy of die chemical reactions occurring in the 
muscle appears as heat Of this heat part is produced during the activit) 
of the muscle (contraction heat), and part after contraction and relaxa 
tion are o\er and the muscle is being restored to its original state this is 
called ieco%ery heat The comraciion heat is generated in the absence of 
ox)gen that IS anaerobically, whereas Uic rccosery heat is produced only 
aerobically and is due mainly to the oxidation of lactic aad formed 
during contraction 

Oxygen debt In strenuous muscular exercise of brief duration, only 
a fraction of the oxygen required for the recovery phase of the con 
trading muscles is breathed during the coune of the exercise For exam 
pie, the oxygen requirement (or a race of 100 yards which takes only a 
few seconds to run, “is G liters or more \ct the quantity of oxygen that 
can be absorbed in this time ts less than I liter Indeed, i short race can 
be run with the breath held In other words, the sprinter goes into debt 
for oxygen during die race, and pays up later Tlius the oxygen consurap* 
tion after the exerase period is much higher tlian during an ordinary 
period of rest The extra oxygen is utilized in the remosal of the lactic 
acid produced during the exercise The size of the oxygen debt for any 
piece of work ts determined by measuring the oxygen consumption of 
the after period of exercise and subtracting from the result the figure 
for the oxygen consumption of a corresponding period of rest During 
sery strenuous muscular effort the oxygen debt may amount to 15 liters 
or more 

The ability of the muscles to contract sviUiout receising the full 
oxygen requirement until the svork has been completed has an obsioiis 
adsantage Short periods of strenuous exerase can be undertaken tint 
would othenvise be impossible for the respiratory and circulatory sys 
terns are quite unequal to the task of furnishing, during the exercise, 
the great volume of oxygen that is ultimately used in the recovery proc 
ess The maximum quantity of oxygen that can be delivered to and 
consumed by the tissues of a large healthy man is not more than about 
2 liters per minute and, for most persons, considerably less than this 

In light exercise no oxygen debt is incurred The lactic acid is 
removed as it is produced, in other words the body, in so far as oxygen 
consumption is concerned, pays as it goes Lactic acid production and 
removal are nicely balanced a steady state becomes esiablishetl shortly 
after the start of the effort At this time a person engaged m an athletic 
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performance of some duration such as running rowing etc breathes 
with less effort As the expression goes he has got his second wind 

The source of energy for muscolor work We have seen that the energy 
for the contraction of the isolated muscle is uliimatel) derived from 
carbohydrate Gljcogen is broken dovm thro igh glucose phosphate and 
fructose diphosphate to lactic acid In the numerous studies of the respir 
atory exchange of die isolated gastrocnemius muscle of the frog during 
contraction respiratory quotients of I 0 (Cli 28 footnote 2) are obtained 
In the intact animal carbohydrate is also the fuel for short bouts of 
muscular exercise After a sprint lor example a fall in blood sugar may 
occur and the ingestion of glucose prior to a race is now recognized as a 
valuable means of postponing fatigue and enhancing muscular perform 
ance In prolonged and exhausting work the carbohydrate stores become 
depleted fat is then burned to furnisli the required energy Protein 
apparently is not utilized m muscular exercise or if so to a very small 
extent 
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The Muscular System 
(continued), Descriptions of 
Individual Muscles 


There are a ^ery great number of diilercnt muscles and in 
a book of this scope those of lesser importance can be described but 
bnefly Most of the muscles uill be considered in groups m accordance 
with their locations^Those concerned with respiration digestion and the 
genital functions are dealt sMih more appropriately m the chapters 
dmoted to the physiology of these subjects The muscles of the middle 
ear are described in Chapter *16 

As an aid in the study of the origins and insertions of muscles the 
figures of the bones in Chapter S should be consulted 


MUSCLES OF THE HEAD MUSCLES OF FACIAL EXPRESSION 
AND MASTICATION 

Muscle of the scalp 

The ocapitofrontalis is a broad musculofibrous sheet that coscrs 
the upper part of the cranium from the eyebrows to the back of the head 
It has two anterior and two posterior bellies connected by a strong 
fibrous sheet called the epicranial aponeurosis which cosers the upper 
part of the skull The two antenor bellies of the muscle anse one on 
either side from the frontal bone The posterior bellies take origin from 
the ocapiial bone and the mastoid processes of the temporal bones (Fig 
5 1) Actions the scalp is drawn backwards by contraction of the ocapital 
bellies the frontal bellies acting from abose raise the eyebrows and in a 

98 
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stronger mosejneni the skm of the forehead is tnnsvcrseJy tinnk/eci 
Thus surprise horror or fear ts expressed \cting from below the frontal 
bellies cause frowning 


Fig 51 Pr nc pal muides of 
the heed 

Muscles of the eyelids 

The orbicularis ocuU is composed of mi scle fibers iliai su eep around 
the opening of the eyelid It is located in the upper and lower eyelids and 
extends oser the temporal region and dot ns ards oser the cheek Its 
action is to dose the e)e as m sleep or m i inking Sudi mosemenis 
imohe onl) the part covering the inis but firm dosure of the e>es and 
^ Tinkling of the skm are caused when the whole muscle contracts 

The comigator is a small triangular muscle l>mg beneath the inner 
part of the orbicularis oculi Its action is to cause tertical wrinkles m 
the skm of the fordiead as m frowning 

Muscles of the nose and mouth 

The dilator nans arises from the maxilla and is inserted into the 
ala nasi — the soft tissue of the nostnl Its actio i is to dilate the nostril 
The compressor nans arises from the maxilla abo\e the incisor 
teeth and runs uptvards and inwards to the bndge of the nose Its action 
IS to narrow the nostril 

The orbiculans ons has no bony attachment Its fibers which sur 
round the oj enmg of the mouth arc demed m part from the other oral 
muscles (Fig o 1) and from the skm 

The nsonus arises from the fasaa o\xr the posterior jart of the 
dieek and is inserted into the skin at the angle of the mouth 
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The buccimtor is the pnnapal muscle of the ciieek. bnilginp the 
gap between the upper and lower jaus It arises from the maxilla and 
mandible opposite the molar teeth 

The other muscles about the mouth arise from neighboring bone, 
maxilla zjgomatic, or mandible and are inserted into the skm of the 
upper or lower lip, oral the angle of the mouth 

The aclions of levator labu stipcnoris (elesator of the upper lip), 
lesaior anguh oris (elevator of the angfc of the mouth) , depressor labu 
inferions (depressor of the lower lip), and depressor anguh oris (de- 
pressor of the angle of the mouth) arc well described by ihcir names 
The orbiailaris oris closes the lips and compresses them against the teeth 
The buccinator presses the dieek against the teeth and pushes food 
between them, thus aiding in mastication Another action, from whidi 
It derues its name (L bucctm, a trumpet), is to force air from the 
mouth as in blowing a wind instrument The rtsortiis retracts the angle 
of the mouth laterally to produce a grinning expression (L riser, 
laughter) 

All the muscles of the nose and mouth just described are siipphcil by 
branches of the faciei nerve 

Muscles of mastication 

The massetcr is a stout quadrilateral muscle arising from the z^go 
matic process of the maxilla and the zygomatic ardi, and is inserted into 
the lower half of the ramus of the mandible A deeper portion of the 
muscle 1 $ inserted into the coronoid process and the upper half of the 
firrias al the ntsn<Ubl€ The masseter is a pouerM muscie •'Jc/iwis n 
elevates the mandible and brings the lower teeth against the upper 
It IS supplied b\ branches of the tnandibtilar nerve 

The temporalis is a strong, fan slnpet! muscle that arises from tlic 
temporal fossa on the side of the head and is inserted into the inner 
surface apex and anterior border of the coronoid process of the ramus 
of the mandible Its aclion is to elevate the mandible and close the 
mouth It IS supplied by brandies of the nifliif/ibiWflr nerve The con 
tractions of both the icmiioralis and the massetcr can be felt by ftnniy 
closing the jaws and placing the fingers on tlic side of the jaw or on the 
temporal region (Fig 5 2) 

The ptcrygoideus lateralis takes origin from the greater wmg of the 
sphenoid bone (upper head of muscle) and the lateral surface of the 
lateral pterygoid plate (lower head) The fibers converging pass, back 
wards and laterally to be inserted into the ntek of the mandible and the 
capsule of the mandibular joint (Fig 52) The iticrygoufciis mcdialu 
arises from the mcilial surface of the lateral picrvgoid plaic from tlic 
luberde of the palatine bone, and from the maxilla Its fibers pass 
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laterally and backwards (o be inserted into the medial surface of the 
ramus and angle of the mandible The action of the pterjgoid muscles 
IS to protrude the mandible The medial muscle also eletates ilie man 
dible svlule the lateral muscle depresses it thus assisting in opening the 
mouth lUien the mo muscles on one side act together and ihernaiclj 
With those of the opposite side a side to side motion is given to the 
mandible as m grinding the food between the teeth The pterygoids are 
sup])heil b) bnnehes of ihe mandibular nerve 

Muscl« of the longue and pharynx are described in Cliaptcr 25 

AtUSCiES OF THS NECK 


Superficial lateral muscles 

The platysma is a broad thin supcrfiaal muscular sheet that anses 
on each side from the fascia overlying the upper parts of the pectonlis 
major and deltoid muscles (pp 113 115) Its fibers run obliquely up 
ward and forv<rard to the lower part of the face where they are insertetl 
into the border of the mandible and the subaiiancous tissue and skin 
It IS a very weik muscle and senes to lessen the hollow betucen the 
lower jaw and the neck Its actions arc to cause oblique wrinkling of i!ie 
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skin of the neck and to draw the lower hps downwards, it ma) assist 

m depressing the jaw It is supplied b) the facial newe (Figs 5 1,5 10) 

The traiKrzius is a large, flat, tnangular muscle that covers the 
posterior part and a little of the side of the neck and the upper part of 
the bacL It arises from the evtemal ocapiial protuberance and the pin 
of the bone lateral to the latter, from the hgamentum nuchae, and from 
the spines of the seventh cemcal and of all the thoraac vertebrae The 
fibers converge laterally and are inserted into the outer part of the 
clavicle, and into the acromion and spine of the scapula The muscles 
of the two sides form a trapcsmm or quadrangular figure, hence the 
name Its actions are to stead) the scapula during movement of the upj>cr 
arm Acting with other muscles m the neighborhood, it assists in rotating 
the scapula elevating it or retracting it, so as to brace the slioulder It is 
supplied through the accessory nerve and tlie ihiTil and fourth cervical 
nerves (Figs 5 1,5 7) 

The stcmocleidomastoidcus is commoni) referred to simplj as the 
stemomastoid It is the most prominent muscle of the neck m the living 
subject and especiall) in lean persons, for tt is seen as a diagonal column 
beneath the skin running from behind the angle of the jaw to the manu 
brium of the sternum, where the muscles of the two sides come close 
together The muscle arises b) two heads— from the upj>er part of the 
manubrium and from the inner third of the chvicle (Gk klets Ifcfrid] 
clavicle) and is inserted into the mastoid process of the temporal bone 
B) Its action the head is drawn downward toward the corresponding 
shoulder, or it ma) rotate the head to turn the face to the opposite side 
^\'llc^ both muscles act together the head is bowed fonvard, or raised 
from ffie ground tl the bod^ ts Ijmg on ns bad In (hlTicnU bremhtng 
these muscles mav also aid the ordinar) muscles of rcsjuration m raising 
the tliorax, w hile the head is fixetl by other muscles (Fig 5 S) 


Suprahyoid muscles 

The suprah)oid muscles lie on the anterior aspect of the neck l>e 
tween the lower jaw and the hyoid bone 

The digastric, as its name indicates, has two bellies — anterior and 
IJosienor — connected by a tendon that is held m close relationship to 
the hyoid bone by a loop of fibrous tissue. The anterior belly is attacheti 
to the mandible on one side of the chin, the posterior belly to the 
mastoid process The two bellies thus bound a triangle just below the 
mandible (Fig 5 3) 

Tlic stylohyoid arises from the styloid process of the temporal bone 
and IS inserted into the body of the hyoid bone Tlie mylohyoid is in 
pan covered bv the anterior belly of the digastric ^\‘ltll its opfwsite fel 
low, which It meets in the rntd/me, it forms the lioor ol the month It 
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originates from ihe inner surface of the mamlible and >s inserted into 
the body of the hyoid bone (Figs 5 3 5 27) Tlie geniohyoid is a slender 
muscle that arises from die inner surface of the mandible on one side 
of the chin It is inserted into the hyoid bone rtedons the suprahyoid 
muscles evert a steadying action upon the hyoid bone during motements 
of the tongue, during mastication, talking and swallowing During the 
latter act the mylohyoid raises the floor of the mouth and with the other 
muscles elesates the hyoid bone The nene supply of ihe anterior belly 
of the digastric is by a branch of the inferior dental nnre (branch of 
mntjdibular), the posterior belly by a branch of the facial nerve The 
stylohyoid is also supplied by the facial nerse the mylohyoid by a branch 
of the inferior dental nene and the geniohyoid through the hypoglossal 
nerve 

ArAra/iytsicf mosefes 

The sternohyoid arises from the inner end of the clavicle and the 
manubrium of the sternum, and is insertetf into the body of the hyoid 
bone The sternothyroid lies under cover of the former muscle arising 
from the manubrium and the cartilage of the first nb It is inserted into 
the thyroid cartilage The small ihjTohyoid, running from the tliyroid 
cartilage to the hyoid bone may be considered the continuation upvvard 
of the sternothyroid The omoliyoid consists of two bellies, an upper 
attached to the hyoid bone and a lower arising from the upper border 
of the scapula The two bellies are conn«rted at nearly a right angle by 
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a short tendon iJjat is fixed in position hj a fibrous atiachmcni lo ilie 
claside and the first nb (Fig 53) Actions the stcrnoh)oul depresses 
the h)oid bone after it has been elesated by the sujirah^oid muscles, the 
stemoth>roid depresses the lar)nx. the th)roh)oid depresses the hjoid 
bone or eletates the larynx, the omohyoid js a depressor of the hyoid 
bone, and may also serse as an accessory muscle of respiration ulicn m 
spiration is difficult The infrahyoid muscles are supplied by branches 
of the hypoglossal nerve 

Anferior vertebral muscles 

The longus ccrticis, longus capitis, rectus capitis anterior, and rectus 
capitis lateralis are situated on the anterior aspect of the cervical and 
upper thoracic vertebrae They are attached above to tlie atlas vertebra 
or the occipital bone, and belovs, to the transverse processes of the cervical 
vertebrae Actions the first ifiree of these muscles bend (flex) the head 
fonvard, the last bends it to the same side The nerve supply for the 
anterior vertebral muscles is from ilieccrvicfl/ nmr^ 

Lateral vertebral muscles 

The scalene muscles, scalenus anterior, medius, and posterior com 
pnse this group (Fig 5 3) They arise from the transveisc processes of 
the cervical vertebrae, excepting tlie atlas and axis and descend to the 
root of the necl; where they are inserted the anienor and the medms into 
the first nb, and the posterior, uhich is really the posterior part of the 
scalenus medtus into the second nb Actions the scaleni bend tlie cer 
vical part of the vertebral column to the same side, the anterior muscle 
also bends the neck fonvard and rotates it to the opposite side If the 
upper attachmcnis of these muscles are fixed, they, acting from aboie 
raise the first and second ribs ami thus aid the elevation of the thorax 
in difficult breathing They derive their nerve supply ihrougli the cervical 
nerves 


MUSCLES OF THE TRUNK 

Deep muscles of the back end postenor aspect of the neck 

The deep muscles of the back and back of the neck constittiie a 
most complex svstem (Fig 5 1) Taken as a v\liulc they extend from the 
back of the sacrum to the bark of the skull 

The splcnius capitis takes origin from the lower half of the liga 
mentum nudiae and, ascending is inserted under cover of the sicrno 
mastoid into the mastoid process and ihc occipital bone. 

Tlie spicnms cervias arises from the spines of the third to sixih 
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Fig 5 4 Deep muscles of the bock and back of the neck 


cenical vertebrae anil ts inserted into the transverse processes of the 
upper two or three cervical vertebrae 

The sacrospinalis is a large, powerful muscle tliat lies m the groove 
at the side of the spinal column It arises from the surface of a broad, 
strong tendon through vvhicli it becomes attadied to the spinous tubercles 
of the sacrum the spines of the iumbar and the eleventh and twelfth 
thoracic vertebrae and the posterior part of the crest of the ilium It 
forms a fleshy nnss in the lower lumbar region, but separates in the 
upper lumbar rqpon into three muscular columns i lateral an inter 
mediate and a medial, cilled respectnel) ihocosiocemcalts, longmimus. 
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and spinalis The Bbers of each of these columns have different attach 
menis at three le\els and are therefore described as consisting of three 
parts in sequence from belou ups^ards The attachments of the upper 
and middle pans ami the middle and loHCr parts overlap Aciions the 
action of the sacrospmalis in general, is to straighten the back or to bend 
it backwards When the thoraac part of the muscle of one side contracts 
the back is bent, or rotated, to that side only The cervical part of the 
muscle draws the head backward or turns it with chin directed to the 
same side The nerve supply is from the cewical, l/ioraac, or lumbar 
nen/es in accordance with the levels of the various parts of the muscle 

Muscles of the anterior and laletol walls of the abdomen, the inguinal 
canal and rings 

The principal anterolateral muscles of the abdomen are the external 
oblique, tnlemal oblique, trausversus, and icctus' (Fig 5 5) The first 
three of these form three strata, the muscle fibers composing each run 
ning in a different direction ami thus reinforcing one another 

The eviemal oblique t$ the most superficial its fibers arise from the 
lower eight nbs and run downwards and forwards to cover the lateral 
and anterior aspects of the abdomen and end in a strong broad aponeu 
rosis through which the muscle guns attachment to the pubis and the 
anterosuperior iliac spine The lower fibers of the muscle are attached 
directly to the crest of ilie ilium The a]>oneurosis meets that of the 
opposite muscle m the mid line of the abdomen, wrhere a stout, longi 
ludinal, tendinous structure called the linea alba, is formed The border 
of the aponeurosis in the ^oin where it stretches from the anterior 
superior iliac spine to the pubis is foldctl backward so as to form a thick 
band with a grooved upper surface, this band is called the inguinal (or 
Poupart s) ligament 

The internal oblique is thinner and weaker than the external 
oblique under which it lies It arises from the lateral two thirds of the 
grooved surface of the inguinal ligament, from the anterior part of the 
iliac crest, and from the lumbar fascia The majority of the fibers pass 
upwards and medially but the most posterior ones ascend almost verli 
cally to be inserted into the lower tliree ribs those arising from the 
inguinal ligament arch dovmwards across the spermatic cord (m the 
male) or round ligament of die uterus (m the female) , and are inserted 
through a tendon into the pubis The remaining fibers which constnute 
the bulk of the muscle, fan out and end anteriorly m an aponeurosis 
that splits into two lajers to enclose the rectus abdominis, the layers join 
again at the linea alba 

1 These English nsmes arc in most common us the full Latin terms arc rcspec 
lively obltquiLs abdominis exterrius obliquus abdominis tnlemus, transierius abdo 
minis, and rectus abdominis 
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F g 5 5 Muscles of fhe abdominal wall obi quus exiernus removed and or) open 
Irtg cut n obi quus Internus to show t onsve sus muscle lower d ow ng shows a 
cross sect on of the ofacfomlnol woll on one s de of the m d-J no 


The transversus abdominis is ilie deepest muscle of the abdomiml 
wall Its fbers runs transversely It anses ftom the outer half of the 
inguinal hginient from cl e antenor part of the iliac cresc and from the 
twelfth rib and the costal cartilages of the lower sk ribs The muscle 
ends anteriorl) in an aponeurosis that except for its lov er part is in 
serted into the hnca alba The lov er part of the aponeurosis joins the 
tendon of the internal oblique muscle tins conjoint ten ton is inserie 1 
into the pubis Lying deep to the tratisversm muscle is the iransversalis 
fascia It is separated from the peritoneum only b) a lajer of areolar 
tissue (Tig 5 5) 

The rectus abdominis is i long straj like muscle running tl e entire 
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length of the ^btlomen jusi to one side of the mid line It takes origin 
from the puhis and from the ligaments cotenng the front of the s)m 
phjsis pubis, and is inserted into the cartilages of the fifth, sixth, and 
seventh ribs Only the linea alba intervenes between it and its fellow of 
the opposite side A strong sheath encloses the muscle Behind, the sheath 
IS formed by the postenor layer of the aponeurosis of the internal oblique 
and the aponeurosis of the transversus, the anterior wall of tlie sheath 
IS formed by the anterior layer of the aponeurosis of the internal oblique 
and the aponeurosis of the external oblique fused together (Fig 5 5) 

Actions of the anterolateral abdominal muscles The anterolateral 
abdominal muscles when they coni/aci, raise the pressure mtheabdominal 
cav ity and thus aid in such acts as emptying the stomach (in vomiting) , the 
bladder, or rectum, or in the expulsion of the diild during parturition 
They may also aid in the expiratory phase of respiration by pressing 
upon the viscera and raising the diaphragm At ordinary times their elas- 
ticity and tonic contraction support and maintain the viscera m their 
normal positions If the pelvis is fixed, the rectus and oblique muscles 
raise the trunk from the lying-down position and flex the lumbar vert^ 
brae contraction of the muscles of one side alone bends the trunk to 
that side 

The posterior abdominal muscles, the psoas major and minor, and 
the iliacus, are more suitably described with the muscles of the lower 
limb 

The inguinal canal The inguinal canal is a passage about 4 cm long 
that runs from the deep to the superficial inguinal ring obliquely down 
wards and medially parallel to and just above the inguinal ligament In 
the male it transmits the spermatic cord and in the female, the round 
ligament of the uterus (Fig 5 5) In front it is covered by the skin, super 
fiaal fascia, and the eMcrnal oblique muscle, and in part by the fibers 
of the internal oblique Behind is the conjoint tendon of the internal 
oblique and transversus muscles its floor is formed by the inguinal 
ligament and its roof by arched fibers of the internal oblique and trans 
versus muscles 

TVre wigvjinol ivwgs Ac the tipper and outer end of the uaguiml canal 
midwTiy between the anterior superior iliac spine and the symphysis 
pubis, 15 an oval opening in the iransversalis fascia known as the deep 
inguinal ring, ii is the inlet of the inguinal canal and transmits the 
spermatic cord m the male and the round ligament in the female The 
abdominal surface of the ring is slightly depressed and covered by the 
peritoneum The superfiaal inguinal ring is the outlet of the inguinal 
canal It is somewhat triangular in shape with its base on the pubic 
crest The spermatic cord or the round ligament pass through it to the 
scrotum or the labium majus 

The deep inguinal ring is a weak part of the abdominal wall and is 
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a common sue of rupture, or hemta^ A sudden increase in abdominal 
pressure, as occasioned, for ecaraple, in lifung a he-isy ueiglu, may force 
a knucUe of bowel or other abdominal siructure through u and down 
the canal, from t\hicli it may emerge tliiough the superficial inguinal 
ring and enter the scrotum m the male or the labium majus in the 
female. This is called uidnect inguinal hernia In direct inguinal hernia, 
the structure pushes before it the uall of tlie canal betueen the two rings, 
traverses the lower part of the inguinal canal, and emerges from the 
superficial inguinal ring (Fig 55) In either type of inguinal hernia, the 
peritoneum is pushed ahead of the hernia and stretched, so as to almost 
completely enclose it. this is called the hernial sac (See also femoral 
hernia, Ch 13) 

In the fetus, up to a month or tuo before birth, the testes are situ 
ated in the abdomen The inguinal canals are the natural passage 
through which they descend to the scrotum They complete their journey 
shortly before birili Sometimes one testis, or botJi, fails to reach ns 
permanent position, remaining in the abdomen or traiersing only a part 
of the inguinal canal Tins developmental anomaly is called uudcsccnded 
testis, or cr) ptOTchidism 

Muscles of the pelvis 

The pelvic muscles are the obturator iniemus, pyriformis, levator 
anf, and coccjgcus The first tuo muscles mentioned will be described 
with the muscles of the lower limb, as will the psoas major, psoas minor, 
and iliaais, which, though partly in the abdomen and pchis are inserted 
into the femur (Fig 5 6) 

The levator am arises in fioiii from the jielvic surface of the bmly 
of the pnbis to one side of the symphjsis, iml behind, fiom the spine 
of the iscliium, and the fasai covering the obturator inicrnus muscle 
The fibers pass backwarils and downwards across the anal cinal and the 
side of the prostate gland (in the male) and of the vagina (m the female) 
to be inserted into the perineal bod) and the cocc)x Afanj of the fibers 
join m the mid line with those of the opposite muscle to form a hrge 
part of the floor of the pelvis Actions the levator am, with us fellow of 
the opposite side, supports the jiehic viscera and constricts the lower end 
of the rectum, thus aiding in the retention of the feces, in the fennie, 
the two levaiores ani act as a sphincter to the vagina The nerve suppl) 
is from the fourth sacral nen'e and the pudendal ncn'C 

* /tu/)lure IS not a gtxHl lerm for vtry tarel) is ihert any unnng of tiwuc Tfic tanat 
normally is a potential passage from ihe abdominal cavity 

T7ie term hemla is appln^ to the protrusion of any organ pari of an orgiri or 
other stniciurc ihroiigh a dtfect in a namral sralt of the boily Tliui the proinisioii 
of brain substance through a defect in ihc st-ull is called a cerebral hernia and of an 
aMomiml siructure through the muscular wall of ihc abdomen at the umbilicus 
(navel), an umbilical hernia 
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Tlie cocc^geus mii&cJe lies posterior to the /c\aior am and arises 
from the sjJine of ilie ischiiim ii js inserted imo the side of the cocc)\ 
and loosest part of the sacrum Its action is to gne support to tiie coccsv 
and pull It forward after it has been pressed backward during dctecauon 
or parturition It is supplied bj branches of the fourllt and fifth sacral 
nerves 

Muscles of the permeunit the perineal body 

The perineum is the region ])ing beuveen the tip of the coccyx 
behind and the pubis in front on either side near its middle is the 
tuberosity of the iscliium The posterior part of this region coniaiiis 
the outlet of the anal canal (anus) the anterior part contains tlie urinar) 
orifices and the external genital organs The former is railed the anal 
region, the latter the urogenital region 
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The only muscle in the anal region to be described here is the externa] 
anal sphincter u is the same m botli sexes and consists of muscle fibers 
arranged in an ellipse surrounding the anus just beneath the skin It 
arises from the tip of the coccy-x by a narrou' tendon and is inserted into 
the perineal body in front of the anus where us fibers blend with other 
muscles in the region It serves to keep the anus closed except during 
defecation or the passage of flatus 

The muscles of the urogenital region differ in the two sexes In the 
male they are the transversus perinei supcrficiahs and profundus the 
bulbos|>ongiosus ischiocavcriiosus and sphincter urethra The corre 
spending muscles of tlie female are given the same names but show 
certain differences m disposition and arrangement appropriate to the 
genual structures of the female These muscles will be more fully described 
in Chapter 49 (they are shown in Figs 5 30 5 31) 

The perineal body is a fibromuscular node (L nodus a knot) in 
the midline of the perineum about inch m front of the anus It is 
the point of meeting and attachment of eiglit perineal muscles — the 
sphincter am externus bulbocavcmosus and on each side the trans- 
versus (superficial and deep) and the levator am muscles The perineal 
body js therefore a most miporiani siruciiire in mannaining tJie integrity 
of the pelvic floor esjiecially in women m whom it may be torn through 
during parturition 

MUSCLES CONNECTNG THE UPPER LIMB WITH THE TRUNK 

Muscular connections of the upper limb with the vertebral column 

The trapezius one of th s group of muscles has already been de- 
scribed with the lateral muscles of the neck u is also a superficial muscle 
of the back 

The laiissimus dorsi is a bioad triangular sheet of muscle tint arises 
from the spines of the lower six Uioraac vertebrae from the lumbar 
fascia through whicli u gams ainchmem to the spines of the lumbar 
and sacra) i enehrae Srom iJie crest of ilie ilium and from ilie three low er 
ribs (Figs 5 5 5 7 5 8) The fibeis cover a large part of the back and 
converge toward the side of the chest where they become twisted upon 
themselves and with the teres major form the posterior fold of the arm 
pit (axilla) they end in a stout tendon that ts inserted into the bottom 
of the biapital groove of the humerus Actions the laiissmius dorsi 
adducts the arm rotates it inwards and draws it backwards and aids in 
lowering it against resistance It is an important muscle in rowing and 
swimming It also by compressing the diest takes part in sharp expira 
tory acts such as coughing sneezing or blowing It is supplied by the 
nerve to the latissimus dorst derived from the brachial plexus 
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The rhonibojdem major ami rhomlioidcus minor are luo rebtneh 
short quadnbicrat parallel muscles lunning nbliqiicl) betueen the ser 
tebral column and the scapula Tlic rliomboideus major arises from the 
spines of the thoracic \ertcbne second to fifth and is msertetl into the 
medial border of the scapula 1 he rliomboidcus minor tales ongm from 
the lower part of the hjpmeniuin iiucliae ami the spines of the sesenth 
cersical and first thoracic scntbrac (Fir 5 7) It is inserted into the 
triaiiRuhr area at the mcilia! cm! of the spine of the scapula 

The fesator scapulae arises from the transserse processes of the atJa» 
and axis anti of the third and fourth ccrviral scricbrac it is inseric'! 
into the upper part of the media! liordcr of the scapula Utious the 
rhomboids and the lesalor scapulae act to stead) the scajula fn the 
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vinous moiements of the m per hinb Voting unh other muscles they 
aid in retracting biacing or depressing the shoulder These three mus 
cles are supplied b) branches of the cervical ncri is 


Muscular connect ons of the upper limb with the anterior and lateral 
thoracic walls 

The pectoralis major is a po^serfiil inangulir muscle covering the 
upper half or so of the anterior wall of the chest (fig o 9) It arises from 
the inner half of the anterior surface of the clavicle from the anterior 
surface of the literil half of the sicriuim is far down is the sixth or 
seventh costal cariihge from the costal cirtilages of the upper seven ribs 
ind from the iponeurosis of the oblitjuus extermis abdominis The 
fibers pass outwards converging lo end in a tendon that is inserted into 
the outer hp of the bicipitil groove of the humerus Acitoiis the pec 
toralis major acting as a whole adducts ind metliallj rotates the arm 
or draws the arm forwards or mctinll} if it has been extended (that is 
held forwirtl or bickwird) The clavicular fibers alone come into plav 
vvJjen tJie arm is flexed ii the shoulder llicy draw the arm down TJjc 
muscle IS supplied b> the ftftfi to eiglth cenical nerves and tie first 
1} oraetc nen e 

The pectorilis minor is a much smaller muscle thin the jiectoralis 
mtjor and lies beneith the latter (Fig 510) It trises from the third 



114 - The Skeleton and the Muscular System 



[otinh and fifth nbs ami die fascia co\enng the extermf intercostal 
muscles >i is inseried into the coracoid process of the scapula /Irliotis 
die pcctoralis minor acts ssuh the serratus anterior to drau the scapula 
fonvartl and laterall) In conjunction svith the rhomboids and lesator 
scapulae, it rotates the scapula so as to depress die point of tlic shoulder 
Jt IS supplied bj the seicuth and eighth cervical, and the first thoracic 
nerves 

Tiic subclasius is quite a small muscle that passes from the first rib 
at Its junction sMth the costal cartilage to a groosc on the under surface 
of the middle third of the clasicic Its actwu is to draw the jioint of the 
slioulder fonsard and dossnward, and to hold the claMcIc firm during 
moaements of the shoulder joint It is supplied by the fifth and sixth 
cervical nerves 

The serratus anterior lies oaer the upper and lateral part of the 
chest bets\een the scapula and the ribs It arises bj fingcrlil.e bundles of 
fibers (called digitaiioru) from the outer surfaces of the upper eight or 
nine nbs and the fascia coaering the internal intercostal muscles The 
lower four digitaiions alternate (or intenhgitate) with muscular slij>s of 
the external oblique muscle (obhquus extemus abdominis) Tlie fibers 
passing backw-ards are inserted into the anterior (costal) surfaces of die 
medial border and the supenor and inferior angles of llie scapula 
Actions the serratus anterior draass the scapula forasard ind ofwratca in 
such moaemenis as pushing or punching Those fibers mscricil into the 
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inferior angle act \vi(h the trape/ms to rotate the snpnia and thus to 
assist in raising the arm abo\e the head It is supplied b) the fifth sixth, 
and seventh cervical nerves 

MUSCLES OF THE UPPER lIMB 

Muscular connections of the shoulder girdle (clavicle and scapula) with 
the orm 

The deltoid is a thick muscle that covers and rounds out the sbou! 
der (Figs 5 7, 5 9 5 10) It arises from the outer third of the clavicle 
from the acromion and from the spine of the scapula The fibers con 
verge to form a thick triangular mass ami end in a thick tendon that is 
inserted into an elevation on tlie outer side of the shaft of the humerus 
near us middle Actions the principal action of the deltoid as a v\hole 
IS to raise the arm from the side it is assisted m tins movement by the 
supraspinatus The anterior fibers of the deltoid acting with the pcc 
torahs major, draw the arm forward and rotate it mcdiatlj The posterior 
fibers, m conjunction with the latissimus dorsi and teres major dravv 
the arm backward and rotate it laterall} Tlie deltoid is supplied by tlie 
circumflex nerve 

The subscapulans takes origin from the anterior (costal) surface 
of ihe body of the scapula Its fibers converge laierally to be insericd into 
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the lesser tuberosii) of the humerus and the capsular ligament o£ the 
shoulder jomt It is supplied by the fiith and sixth ccnncal nerves (Fig 
5 11) 

The supraspinatus takes origin from the supraspinous fossa of the 
scapula and is inserted into the uppermost facet on the greater tuberosity 
of the humerus (Figs 5 7, 5 8) . 

The infraspinatus occupies the infraspinous fossa of the scapula, 
arising from its medial tuo thirds, its fibers converge to a tendon that 
crosses the superior aspect of the shoulder joint and is inserted into the 
middle facet on the greater tuberosity of the humerus and into the 
capsule of the shoulder joint It is supplied by the suprascaptdar nerve 
(fifth and sixth cervical nerves) (Figs 5 7,5 8) 

The teres minor is a slender muscle that arises from the flat area on 
the dorsal surface of the scapula along its literal border (see Fig 3 3G) 
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It is inserted into the louest facet on the greater tuberosity of the 
liumerus and into the capsule of the shoulder joint It is supplied by the 
ctTciiniflcx nerve 

Actiom of the sitbscapularu, supraspmatus, infraspinatus, and teres 
minor The mam action of these four muscles is to hold the head of the 
liumerus fitTnly m the glenoid cavity during the movements of the arm 
brought about by other muscles, for example, the deltoid 

The teres major is a short, stout muscle tint takes origin from the 
dorsal aspect of the inferior angle of the scapula and is inserted through 
a flat tendon into the medial hp of the bicipital groove of the humerus 
Action the teres major draws the arm backward and medially, and 
rotates it medially ft is supplied by the subscapular nerve (fifth and 
sixth cervical nerves) . 


Muscles of the arm* 

The coracobrachialis arises from the tip of the coracoid process by 
a tendon common to u and the short head of the biceps, and is inserted 
into an impression on the medial aspect of the humeral shaft near its 
middle (Fig 5 9) Action the coracobrachialis draws the arm forward 
and medially It is supplied by the musculocutaneous nerve (seventh 
cervical nene) 

The biccjis (brachii (of the arm)) is the large, fleshy mass on the 
front of the arm As indicated by us name (L hi, double + caput, head) , 
it arises by two heads, a sliort and a long The short head arises from the 
tip of the coracoid process by a tendon common to it and the coraco- 
brachialis The long head arises within the shoulder joint from an eleva 
lion above the glenoid cavity, it ardies over the hend of the humerus in 
a special synovial sheath, and descends jn the bicipital groove of the 
humerus The tendons are continued downv\ard$ into two muscular 
bellies that, though closely applied to one another, are sejiarablc tlirough 
out their length, they end about 3 niches above the elbow in a flat tendon 
that IS inserted into the posterior part of the tuberosity of the radius 
Action, the bicejis flexes tlie elbow joint and is a strong supinator of the 
forearm as vveJJ The Jong liead presses downward upon the head of the 
humerus and thus antagonizes the tendency of the deltoid to cause the 
humeral head to slip ujiward The biceps is supplied by the musculo 
cutaneous nerve 

The bracliialis arises from the lower half of the antenor surface of 
the humerus lu fibers, converging as they descend, are inserted through 
a thick tendon into the tuberosity and oJronojd process of tlie ulna 

»Iii anatomy, ihc words arm or itf>per arm (braehtum) mean ffic upper fimfa 
Ijciwcin the slioulder and the cll>ow, the forratm (aniebraddum) i$ the member ftvm 
tlie elbow to llit wnst 
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Acliori the bracliialis flexes the elbou joint It is supplied by the mus 
culoculaneous nerve 

The triceps is the large musde on the back of the arm It arises bj 
three heads— long lateral and medial (Figs 5 8,511) The hfig head 
takes origin through a fiat tendon from a tubercle below the glenoid 
cavity of the humerus, the lateral head from a ridge on the posterior 
surface of tlie upper pan of the humeral shaft as far down as the upper 
part of the spiral groose and the medial head from the posterior sur 
face of the humeril shaft below the spiral groove The muscle fibers end 
about the middle of the arm in a broad tendon composed of two aponeu 
roue sheets, the more superficial of which covers the lower part of the 
muscle while the deeper one penetrates the muscle substance The two 
layers of the aponeurosis fuse above the elbow and are then inserted into 
the upper pan of the posterior surface of the olecranon Action the 
triceps IS the extensor muscle of the forearm (that is, it straightens the 
elbow) The long head assists in drawing the humerus backwards and 
adducting it when the arm is extended 

Muscles of the forearm (antebrachium) 

The muscles of the forearm are very numerous They vvill be de- 
scribed in tvvo mam groups (a) those on the anterior aspect of the 
forearm (anterior antebrachial muscles) , and (b) tliose on tlte posterior 
aspect (posterior antebrachial muscles) Each mam group is divided 
further into a superficial and a deep lot A classification follows belov'f 

The first five muscles listed (all the superfiaal anterior antebrachial 
muscles) arise by a common tendon from the medial epicondyle of the 
humerus 

MUSCLES OF THE FOREARM 
Anterior aspect 

( Pronator teres Flexor carpi tilnaris 

Flexor cirpi radialis Flexor digitoriim sublimis 

Palmans longus 

fFIexor digitonim profundus Pronator quadratus 
Deep group | pje^or pollicis lonRUS 

FostenoT aspect 

Brachioradnhs Extensor di^iii minimi 

Extensor carpi radialis longus Extensor carpi ulnans 
Superficial group p^tgnsor mrjii radiahsbrevis Anconeus 
Extensor di},itorum 


Deep group 


• Supuiator 

Abductor pollias longus 
; Extensor pollias brevis 


Extensor poIIicis longus 

Extensor indicis 
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1 Anterior cntebraehial muscles 

The pronator teres arises by two heads — humeral and ulnar — the 
humeral head arising b> the common tendon just mentioned the much 
smaller ulnar head takes origin from the medial border of the coronoid 
process of the ulna The two heads after joining pass obliquely to be 
inserted through a flat tendon into the lateral aspect of the shaft of the 
radius near its middle Action the pronator teres pronaies the forearm 
and hand that is it rotates the radius upon the ulna thus turning the 
hand medially so that die palm at the end of the mosement faces back 
uard The pronator teres is supplied by the median nerve (sixth and 
seventh cervical nenes) (Fig 512) 

The flexor carpi radialis arises through the common tendon and 
gives rise near its middle to a long tendon ot insertion that passes into 
die palm to the base of die second metacarpal bone and by a separate 
slip to the base of the third metacarpal bone The tendon occupies a 
groove (lined by a synovial sheath) on the trapezium Action die flexor 
carpi radiahs flexes the wrist and aids tn abduaing the band It is sup* 
plied by the median nerve 

The palmans longus is a weak slender muscle that is often absent 
Its long slender tendon is inserted into the flexor retinaculum (p 127) 
and the centra! part of the palmar aponeurosis. Action the palmans 
longus aids m flexing the wTist 

The flexor carpi ulnans, like the flexor carpi radiahs has an ulnar 
bead as well as a liumera! origin through the common tendon The 
idnar head arises from the medial border of the olecranon and the upper 
two thirds of the posterior border of the ulna Its tendon is inserted into 
the pisiform and hamate bones and the base of the fiWi metacarpal 
bone Action the flexor carpi ulnans flexes the wrist and adducts the 
hand It is supplied by the ulnar nerve (Fig 5 12) 

The flexor digitorum sublimis arises by two heads — humeroulnar 
and radial The humeroulnar bead takes origin by means of the common 
tendon from the humerus from the ligament of the elbow joint and 
from the medial side of the coronoid proems of the ulna The radial head 
arises from the anterior border of the radius beivveen the tuberosity and 
the insertion of the pronator teres The muscle divides into four parts 
each of which ends in a tendon for insertion into the proximal and 
middle phalanges of the fingers Opposite the bases of the proximal 
phalanges eacii tendon sphu into two nbbonhke strips The two parts 
of each slip become turned on their long axes so that their surfaces are 
revened then reuniting they partially cross with one another and re- 
divide (Fig 5 14) Each division is inserted into the sides of the middle 
phalanx. The bultonholehke slit causetl by the first splitting of the 
tendon transmits the tendon of the flexor digitorum profundus. The 
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Fig 5 12 Muscle* of the front of the foreorm A superficial muscles 6 deep 
mvsdes 

turning of the slips and tlieir reunion form a groote in whicli the latter 
tendon slides Acltan the flexor dtgitorum sublimis flexes the fingers, 
first iJie middle phalanges and then, with conJinningaclion, the proxjimJ 
phalanges It may also assist in flexing the wrist It is supplied b) the 
median nerve 

The flexor digitorum profundus contnbuies largelj to llie flesh) mass 
on the ulnar side of the foiearm, but underlies the superficnl flexors It 
arises from the upper three quarters of the medial and anterior aspects 
of the shaft of the ulna, from a depression on the medial side of the 
coronoid process, and through an aponeurosis irom the posterior border 
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of the iiJjn Tfie musde fibers end m lout tendons that pass through the 
slits in the tendons of the fie\or digitorum subhnus nnd occup) the 
grooves formed b) tJiese tctidons to be inserteil into the palmar aspect 
of the bases of the distal phalanges of the four fingers /iclioris the flexor 
digitorum profuniliis flexes the distal (tcmnml) phalanges after the 
middle phalanges has e been flexed bj the tendons of the flexor digitoi urn 
stihhmis It also aids in flexing the wiist Its mednl part is supplied by 
the ulnar neive and its lateral part by the tnedian nerve 

The flexor polhcis longus arises from the anterior surface of the 
radius the interosseous membrane and usually from the medial border 
of the coronoid process of the ulna Iis tendon is inserted into the pnimai 
surface of the base of the distal phalanx of the thumb dclions the flexor 
pollicis longus flexes botii phalanges of the thumb It is supplied by the 
median nerve 

The pronator quatlratus arises fiom the aiuenor suiface of die 
lower pari of the shaft of the ulna and is inserted into the lower quarter 
of the anterior surface and bolder ot the radius dctions it serves to hold 
the lower ends of the radius and ulna if^cther and to present their 
separation by an upward force applied through the carpus it has but 
little action as a pronator despite its name It is supplied by a branch 
of the median nerve 

2 Posterior antebrachial muscles 

The bradnoradialis arises from a ridge above die lateral epicondyle 
of the humerus It forms the lateral boundary of the cubital fossa tlie 
triangular space in front of the elbow joint The muscle ends a little 
abose the middle of the forearm in a tendon that is inserted into tlie 
outer aspect of the radius just above the styloid process Actions the 
brachioradialis flexes tlie elbow joint Ji stands out prominenUy wlien 
an attempt is made lo flex the forearm against a lesisiancc It is siqiphcd 
by the radial nerve (Fig 5 13) 

The extensor carpi radialis longus (or longior) arises from the ridge 
above the lacerxl epicandjle of the kamcras and to a much less exicnt 
from the common extensor tendon (see below) Its long tendon is in 
serted into the dorsal surface of the base of the second metacarpal bone 
the tendon occupies a groos e on the back of tlie radius behind the sty loid 
process It is supplied by the radial nerve 

The extensor carpi ndialis hrevis (or brevior) lies bcncadi the pro 
ceding muscle It arises from the lateral epicondyle of the humerus by 
a tendon shared svith the next three extensor muscles— the common ex 
tensor tendon Its tendon is inserted into the dorsal aspect of the bases 
of the second and third metacaqral bones This muscle and the preceding 
one act syncrgicafly SMih the flexors of the Ungers with the extensor carpi 
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Fig 5 13 Muscles on the EmcIc of the forearm A superfcal 
muscles 6 deep muscles 

ulnans (extension of the wnsi) and ssiih the flexor carpi radialis 
(abduction of i}ie kani}) Jl is supplied b) the ratlial nerve 

The extensor digitorum arises by the common extensor tendon from 
the lateral epicondjle of the humerus It gises rise to four tendons each 
of svhich is inserted in a complicated manner into the bases of the middle 
and distal phalanges of a finger A triangular fibrous membrane, called 
the dorsal digital expansion, covers the dorsal aspect of the metacarpo- 
phalangeal joint and the base of the proximal phalanx (Fig 5 H) Each 
tendon of the extensor digitorum passes down the middle of this mem 
brane near the base of the second (middle) phalanx the tendon spins 
into three parts The middle part is inserted into the base of the second 
phalanx, while the lateral and medial parts join the dorsal digital expan 
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Fig 5 14 Show ng Ihe 
arrangement of the 
tendons of o f nger 


Oorsoldgilat Tender) of 



Flex, d git subli 


Sion The two side parts join -tgam more disnlly and the single tendon 
IS then inserted into the base of the terminal phalanx Actions the 
extensor diguorum extends the fingers at the metacarpophalangeal and 
interphalangeal joints and thus opens the hand it may also assist m 
extending tlie wrist The muscle is supplied by a branch (posterior 
inteiosseous) oi the radial nerve 

The extensor digiti minimi is usually connected to the medial side 
of the preceding muscle and also arises by the common extensor tendon 
Its tendon splits into two as it crosses the back of the hand and joins the 
dorsal digital expansion of the proximal phalanx of the little finger 
Action the extensor digiti mmimi extends the little finger and helps to 
evtciui the wrist It recenes a branch (posterior interosseous) of the 
radial netve 

The extensor carpi ulnaris arises by the common extensor tendon 
from the posterior border of the ulm through an aponeurosis common 
to It and to the flexor carpi ulnarts and Ilexor digitomm profundus It is 
inserted into the ulmr side of the base of the fifth metacarpal bone 
Actions the extensor carpi iilnins steadies ihe wnst during llexion of 
the fingers and in conjunction wnU the flexor tnrpi ulnaris adducts the 
hand contracting with the flexor carpi rathahs (Inngus and brevis) it 
extends the wrist It is supplied bj the ftoslerwr itilcrosseoiis nerve 

The anconeus is a small triangular muscle lying on the back of the 
elbow It lakes origin b) an individual tendon from the lateral epicond)Ie 
of the humerus Its fibers fan out from their origin and are inserted into 
the side of the olecranon and upper tpianer of the shaft of the ulna 
Action the anconeus assists the triceps in extending the elbow It is sup 
plied by the radial nerve 

The supinator arises in two pans — one tendinous and one muscular 
— from the lateral epicondyle of the humerus from ligamentous strut 
tures in the neighborhood and from a linear elevation (su/nnator crest) 
on the upper pan of the lateral surface of the shaft of the ulna and the 
triangular depression in front of it It is inserted into the upper third 
of the lateral surface of the radius The muscle is thus partially wrapped 
around the ladtus Actions the supinator supinates the forearm, rotating 
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the radius so as to turn the hand fonsard It is supplied by Uie posterior 
interosseous nerve (Fig 5 13) ^ 

The abductor polhcis longtis arises from the lateral portion of the 
posterior aspect of the middle quarter of tlic shift of the ulna from die 
adjacent part of the interosseous membrane and from the middle third 
of the posterior surface of the ndius Its tendon is inserted into tlic 
htcnl side of the base of the metacarpal bone of die Uuimb dcfio u 
acting isith the abductor polhcis brevis the ibdiictor polhcis longm 
abducts the iJnimb or acting uiib the extensor poIUcts (longus and 
brevis) it extends the thumb at the carjjomcianrpil joint It and the 
next tuo muscles ire supplied by the posterior intirosseous nene 

The extensor polhcis brevts arises from tlie jiosicrior surface of the 
radius immediately bclou the radial origin of the abducior polhas 
longus and from the adjacent pin of the posterior stirfice of the inter 
osseous membrane It is inserted into the base of tlic metacarpal bone 
of the thumb dction the extensor |x>llicis brevis extends the proximal 
phalanx of the thumb and tvhen the latter is fully extended extends i)ic 
metacarpophalangeal joint 

The extensor polhcis longus arises from tlic middle third of the 
lateral portion of the jiostcrior surface of the ulna and from the inter 
osseous membrane and is inserted into the bisc of the distal phahnx 
of the lliumb The tendon of this muscle as it crosses ihc outer bonier 
of thevvrist lies about J/:i inch dorsal to the extensor polhcis brevis uhcii 
the thumb is fully extended the former tendon becomes prominent an I 
a depression betucen the two tendom apjse'irs Tins is nllctl the ina 
tomical snulT box It was the pncticc of sniifl lucrs to place a litik of 
the tobacco m tins depression and dniv it iij> the nose T fie spice con 
tains the nUial artery Action the extensor polhcis longus extends the 
distal phalanx of the thumb it also abducts the thumb am! rotates it 
laterally and acting in conjunction uiili the extensor |>olhci$ brevis and 
the abductor polhcis longus it aids in extending the metacarpal Ixnc 
and the proximal phalanx of the iliiimb 

The extensor intlicis arises from the upper part of tlic loner third 
of the posterior surface of the ulna and the interosseous membrane It 
joins the tendon of the extensor digitorum that goes to ilie first {index) 
finger Action the extensor imlicis aids in extending the first finger and 
in ^tending the wrist It is supplied by the posterior vilerasseous nenC 

Muscles of the hand 

The muscles of the Iiaiul arc usuallyr desCTibed in three groups 

SI ri muscles i f il c duimt j \U\ ictor poll ti» lno»s V ” 'J' * 

(Utcril part of tl e palm) jOppoi env pc llicis 'dd ictor jy I! cti 
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Short muscles of the little 
Zinger (meJwl part of the 
palm) 


Pnlmam brc\is 
Abductor digit! niiiiimi 


Flexor (hgiii miiiimt 
Opponcus digti minimi 


Muscles of the middle of 
die palm 


Intcrossei 


Lumbncales 


The fint and second groups fonn two flesh) masses called respec 
titely’ the themr, wZitch is the larger and the hypothenar eminences 
The abductor pollicis brevis lies on the outer side of the thenar 
eminence It arises from the ligament in front of the urist joint (flexor 
letiniculum) and from the ira|>enum and scaphoid bones of the carpus 
It IS inserted into the outer (radial) side of the base of the proximal 
phalanx of the thumb (Fig 5 15) Aclton the abductor pollicis bretis 
moves the thumb foruard at right angles to the palm and rotates it 
lm^ard It is supplied by a branch of the median nerve 



The opponens pollicis lies beneath the preceding muscle it arises 
from the ligament in front of the wrist and from the trapcriuni It is 
inserted into the metacarpal bone of the thumb along the enure length 
of Its outer border Action the op|>onen$ pollicis Ilexes ihe metacarpal 
bone of the thumb and rotates it touainl the palm so tint ihc thumb can 
toucli the up of any of the fingers It is supplied bj a branch of the 
median nene 

The flexor poUicis brevis fonns the inner part of the thenar cmi 
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nence. It arises from ihe ligament in liom of the wist ami trom the 
trapezium It is inserted into the outer side ol the base of the proximal 
phalanx of the thumb Action the flexor pollicis breiis Ilexes die proxi 
mal phalanx of the thumb and aith comimimg action Ilexes anil 
imiardl) rotates the metacarpal hone. It is supplied b) boih the median 
and ulnar nerves 

The adductor pollicxs arises b) an oblique and a iransterse licad 
The obliqxie head takes origin from the capitate and trapezium bones 
the bases of the second and third metacarpal bones and the ligaments 
of the carpus its tendons joins the tendons of the first palmar intcrosse 
ous and the transserse head and is inserted into the inner side of the 
base of the proximal phalanx of the thumb The transverse head arises 
from the palmar surface of the third metacarpal bone and is inserted t\ith 
tlie oblique head Action the adductor pollicis draws the thumb into the 
palm of the hand It is supplied b) a brandi of the ulnar nerve 

The palmaris brevis lies just beneath ilie skin of the lijixnhcnar 
eminence It arises from the ligament m front of the wrist and from the 
palmar aponeurosis and is inserted into the skin of the inner border of 
tlie hand Aelion the palmaris brevis t\Ttnkles the skin of the inner part 
of the palm and deepens the hollow of the palm 

The abductor digiti minimi forms the ulnar border of the hypothc' 
nar eminence It arises from the pisifonn bone and is inserted into the 
base of the proximal phalanx of the little finger and into the dorsal 
digital expansion of the extensor digitt minimi Action the abductor 
digiti minirai abducts the little finger b) pulling on the proximal 
phalanx 

The flexor digiti minimi arises from the hook of the hamate bone 
and from the ligament on the front of the wtjsi joint, il is mscrieil into 
the base of die proximal phalanx of the Iitde finger Action the flexor 
digiti minimi flexes the proxmnl phalanx of the little finger 

All the muscles of the little finger receive their ncnesupplj from the 
ulnar nerve 

The intcrossci (sing inlerosseus) are in lv»oseu palmar snd dorsal 
of four muscles each occiip)ing or pard> covering the space between tfic 
metacarpal bones (Fig ala) The dorsal intcrossci arc bipennatc in the 
arrangement of their fibers and arise from the sides of the mcncarpals 
between which the> he they are inserted into the bases of the proximal 
phalanges and into the dorsal digital expansions Tlie second and third 
muscles are inserted into the proximal phalanx of the second (middle) 
finger, one on each side of us base The first dorsal inicrosscus is inserted 
on the outer (radial) side of die base of the proximal phalanx of tlie 
index finger and the fourth into the inner (ulnar) side of the base of 
the proximal phalanx of the ring finger The palmar mtcroisci arise from 
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the palmar surfaces along one or another side of the metacarpal bones 
The first arises from ilie ulnar side of the base of the metacar|>al bone 
of the tJiumb, and is inserted into the base of ilie corresponding proM 
mal phalanx. The second arises from the entire length of the ulnar side 
of the palmar surface of the second metacirpal bone, and is inserted into 
tlie base of the cotresponding proximal phalanx The third and fourth 
take ongin from the radial sides of the fourth and fifth metacarpal bones, 
and are inserted into the bones of the corresponding proximal phalanges 
(that is, of the little and ring fingers) The middle finger, iihile u re 
cenes lire insertion of two dorsal interossei, does not rcceue a palmar 
muscle Acltons the dorsal mterossei are abductors of the fingers draw 
mg them to either side from an imaginary line running longitudinally 
through the middle finger while the palmar muscles adduct the fingers 
tow’ards that line Acting with the lumbncales, both sets of mterossei flex 
the proximal phalanges The first palmar interosseiis flexes and adducts 
the thumb at the metacarpophalangeal joint Both sets of mterossei are 
supplied b) branches of the tdnar nerve 

The lumbncales (Fig 5 15) are four small inuscular bellies that 
arise from the tendons of the /lexer digtiornm profundus muscle Eadi 
IS inserted into the lateral margin of the dorsal digital expansion of the 
corresponding extensor digitorura tendon, and into the base of (be proxi 
mal phalanx Action the lumbncales assist the mterossei m flexing the 
fingers at the metacarpophalangeal joints, and exert traction upon the 
tendons of the flexor diguorum profundus Those of the first and second 
fingers are supplied by branches of the median nerve, of the third and 
fourth by the ulnar nerve 

DEEP FASCIAE OF THE UPPER LIMB 

The brachial fascia forms an imestmcnt for the muscles of the arm 
and the aotebracliial fascia for the muscles of the forearm These fasciae 
send partitions (septa) beiucen the sarious muscles, and are attached to 
bony prominences At the wrist the antebracliial fascia is thickened in 
front and behind to form two broad bands that hold the tendons m 
position (Fig 5 14) The anterior band is called the flexor retinaculum, 
(he posterior one the extensor retinaculum A strong fascia called the 
palmar aponeurosis cosers the flexor tendons and imesis the muscles 
of the palm of the hand On!) its central portion is lough and thick this 
part IS triangular in shape Its aj>ex blends with the flexor retinaculum 
and gnes insertion to the tendon of the palraaris longus muscle Its base 
cluides into four slips, one for cacli finger The Jaienl and medial parts 
of the aponeurosis coscr the muscles of the thenar and hjpothenar emi 
nences, and are relati\ely thin 
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MUSCLES OF THE LOWER UMB 
Muscles of the iliac region 

The j«ois rrnjor arises from the iransscrse processes of all the lum 
bar senebrae from the bodies of the twelfth thoracic and the third 
fourth and fifth lumbar sertebrae from the interscrtebral discs and 
from the tendinous arches bridging the constricted jioriions of the bodies 
of the lumbar a ericbrae The muscle descends across the brim of the true 
pelvis to end in a tendon that after receiving the fibers of the iliacus on 
the lateral side is inserted into the lesser trochanter of the femur (Fig 
5 0) /Iction the psoas major acts in coiijiiiiciion with the ihacus the 
two muscles are frequently referred to as the iho/ijons The psoas major 
IS supplied by brandies of the second t/iird, and fourth lumbar nencs 

This muscle is of clinicaf interest because m aaite abdominal con 
dittons tt may undergo reflex contraction with consequent flexion of the 
thigh on the abdomen Also in tuberculous disease of the lumbar or 
lower thoracic vertebrae purulent material ma) track down within (he 
sheath of the muscle and appear as a subcutaneous swelling (cold 
abscess) in the upper and inner part of the (high 

The psoas minor, which lies m front of the preceding muscle arises 
from the bodies of the twelfth thoracic and first lumbar vertebrae and 
the intervening intervertebral disc as well as from the inner surface of 
the ilium It IS inserted into the pubis /tction the psoas minor assists 
though weakly in flexing the trunk It is supplied by a branch of the 
first lumbar nerve 

The iliacus arises from the upper two thirds of the iliac fossa and the 
ihac crest from the Jaicral mass of the sacrum ind from the anterior 
sacroiliac and iliolumbar ligaments (Fig 56) Its fibers are inscrictl into 
the lateral side of the tendon of the psoas major Action with the psoas 
major the ihacus flaxes the thigh ufion the pelvis contracting together, 
the> bend the trunk forw iid or raise it from the recumbent to ilic sitting 
position The iliacus is supplied by branches of the femoral nerve 

Muscles of the thigh 

\s a convenience in description the thigh muscles art divided into 
three groups 

I Tensor fisciac latae Qu ulrirciw fem ru 

\menor femonl muscles sirioriuj Uuctibris genu 


Medial fcmonl muscles 


Gracilis 
Ptcuiicus 
Adductor loiigus 


Ad !uct >r breus 
Adductor nngnus 



T/7e Musco/ar Syrfem 

Posterior remo«lmusd« ( 

j Semitei iiinosus 
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Stmimemhranosus 


T Anterior femoral muscles 

The tensor fasciae latae arises from the interior 2 inches or so of 
the iliac crest and from the anterior superior spine of the ilium and the 
conca\e margin of bone immediately below It is inserted between the 
two la)ers of the iliotibial tract (p MO) about one thinl of the distance 
down the outer side of the thigh Action the tensor fasciae lane draws 
upon tlie iliotibial tracts and aids in extending the knee steadies the 
pelvis on the head of the femur ind the femoral condoles upon the tibn 
It IS supplied b) the superior g/ii/r il nerve (fourth and fifth lumbar first 
sacral) {Fig 5 IG) 

The sartorjus is a long striplike muscle (ilie longest in the bol)) 


that anscs from the anterior superior 
iliac spine anti part of the notch 
immediately below it crosses to the 
medial side of the thigh and then 
tlescends to the medial side of the 
knee whence i flit tendon cunes 
forward and broadening out into 
in aponeurosis is inserted into the 
upper and medial part of the shaft 
of the iibn Ariinn the sartorius 
lids m Hexing ihe ihigh on the pel 
vis and the leg on the thigh It also 
lets as an abductor and latcnl ro 
tator of the thigh It is supplietl by 
the femoral nerve 

The quadriceps (four heided) 
femoris is the main muscle on the 
anterior ispect of the thigh and con 
sists of four parts cillcil the rectus 
femorts vasius lateralis vastus me 
(Jiahs and vosluj interviedius (Fig 
5 16) 

The rectus femons irises bj two 
tendinous heads from the anterior 
inferior iliac spine ind from the 
ilium above the acetabulum The ten 
dons join ind expand into an apo- 
neurosis from v\ Inch the muscle fibers 
arranged m a bipennate manner 



Fg 516 Superfc ol r<u»elei on the front 
of Ihe nglii thigli 
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arise The fibers end m a stout tendon that is inserted into the upper 
part of the patella The \asius lateralis takes origin from the greater 
trochanter of the femur and from the hnea aspera b) a broad aponeu 
rosis that covers the upper three quarters of the anterior surface of the 
muscle It IS inserted b) a flat tendon into the latenl border of the 
patella The vastus medialis arises from the femur along the lov\er part 
of the trochantenc line the spiral line and from the linea aspera and 
is inserted into the medial side of the patella TJie vastus imermcdius 
arises from the anterior and lateral surfaces of tlie upper tvso thirds of 
the femoral shaft and is inserted througli an aponeurosis into the lateral 
border of the patella and the lateral condjie of the tibia It lies under 
the cover of the rectus 

The tendons of the four parts of the quadriceps femons join in the 
lower part of the thigh to produce a stout tendon that is inserted into 
the upper part of the patella (which is tlcveloped as a sesamoid bone) 
From the lower end or apex of the patella the tendon is continued as 
the /ignme»/i/m patellae v%hicl» is mseried into the tubercule of the tibia 

Articulans genu (subcrureus) is a small muscle that arises from the 
lower part of the anterior aspect of die femoral shaft and is inserted into 
the synov lal membrane of the upper part of the knee joint. 

2 Mediol femoral muscles 

Tlie gracilis is a thin flat muscle broad above but narrowr below 
It arises from the bodj and inferior ramus of the pubis and part of the 
ramus of the ischium It is inserted into the medi^ surface of the shaft 
of the tibia below the condjJe Actions the gracilis flexes the leg and 
rotates it inwards it maj also adduct the thigh It is supplied by the 
obturator nerve (Figs 5 17, 5 18) 

The pectineus is a four sided muscle It arises from the superior 
ramus of the pubis and is insened into the posterior surface of the shaft 
of the femur a short distance below the lesser trochanter Its action is to 
adduct the thigh and flex it on the pelvis It is supplied by the femoral 
nerve 

The adductor longus arises b) a slender lenilon from the front of the 
body of the pubis near the symphjsis and is inserted into the middle 
third of the linea aspera of the femur 

The adductor brevis arises from the front of the body of the pubis 
and from tis inferior ramus and is inserted into the femur near the 
insertion of the pectineus 

The adductor magnus lakes ongin from the inferior ramus of the 
pubis and from the ramus and tuberosity of the ischium It is a large, 
fan shaped muscle its fibers for the most part, are directed dowmward 
and outward and are inserted into the linea aspera and the medial 
supracondylar line and condyle of the femur 
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Actions of the adductor lon^s brctns and tnagiius The three mus 
des last described are strong' itlducton of tJze thigh they also rotate the 
thigh outwards and flex it upon the pelvis They are v\en developed m 
horseback riders as they are essen 
tnl for maintaining a firm gnp 
on the saddle These muscles not 
infrequently become sore or suffer 
injury from such exercise All 
three muscles are supplied by 
branches of the obturator nerve 

3 Posterior fernoral muscles 

The biceps femoris arises by 
two heads a long and a short 
The long head takes origin with 
the semitendinosus by a common 
tendon from the tuberosity of the 
ischium and from a ligament pass 
ing from the latter to the sacrum 
(sacrotuberoiw ligament) The 
short head arises from the hnea 
aspera and lateral supracondylar 
line of the femur The tvvo heads 
merge into a tendon that is in 
serted into the outer side of the 
head of the fibula and to a smaller 
extent into the lateral condyle of 
the tibia The bicejjs femons and 
the next two muscles are called 
the f flrnjtrirtgs 

The semitendinosus so called 
from Its very long tendon of inser 
tion arises with the biceps femons 
by a common tendon from the 
tuberosity of the ischium The f g 5 17 Musde* on the bod. of the th gh 
muscle fibers end near the middle 

of the thigh in a tendon that curves forward around the inner s de of tlie 
knee to be inserted into the upper part of the mctital surface of the iibn 
near the insertions of the sanonusand gracilis 

The semimembranosus takes origin by a thick ten Ion from tlie 
tuberosity of the ischium above and on the outer side of the common 
tendon of ongin of the other two hamstrings the tendon expands into a 
broad aponeurosis from which the muscle fibers arise and end in a second 
aponeurosis The latter narrows to a tendon that is inserted into the back 
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of the medial condjie of the tibia 
(Figs 5 17.518) 

Actions of ihr hnnistriri^ 
Pulling from abn\c. the ham 
strings flcK the knee, acting from 
belou tliq aid m drauing the 
trunk backwards or in raising it 
from a stooping position TliC) 
sene also to steady the peliis 
upon the head of the femur and 
thus to maintain erect posture 
The hamstnngs are supplied by 
branches of the jriotic nenc 

Mutetes of the 
gluteal region or buttock 

The gluteus maximus is tlie 
large superficial muscle tint forms 
the rounded mass of the buttock 
(Fig 518) It arises from the posterior surface of die ihum, from the 
aponeurosis of liie sacrospinahs muscle, from the postenor surface of the 
sacrum and the side of the coccyx Its superficial fibers pass o\er tlie 
greater trochanter of the femur and are inserted into tlie iliotibial tract, 
us deeper fibers are inserted into the ghiteaJ tuberosit) of the femur 
Actions the gluteus miximus acting from aboic, extends the thigh on 
the pelvis acting from below, it raises the trunk upon the thigh as in 
lifting a weight from the ground It is an imjiortant nnisde in mam 
taming erect posture, supporting the pelvis upon the head of the femur 
It IS supplied b) the inferior glutral nerve 

The gluteus medius is largely overlapped by the preceding muscle 
It arises from the outer aspect of the ihum and is inserted into the greater 
trochanter of the femur 

The gluteus minimus anscs from the outer surface of the ihum 
belovs the origin of the gluteus nicdius b) which it is compJetch co» 
ered. It IS inserted into the greitcr trochanter Actions the glutei (mnlius 
and minimus) abduct the thigh and rotate it mwartls Both muscles arc 
supplied b) the superior gliilral nerve 

The pyriformis arises within the pelvis from the anterior surface of 
the sacrum (Fig 5 17) Pissing out of the }>clvis through the greiier 
sciatic foramen the muscle is inserietl by a round tendon into ihegrcaier 
trochanter Action the p)rifonnis rotates the thigli Jatcrall) It is sup- 
plied by branches from the first and second sarral tierz es 

The obturator inicmus arises within the pelvis from the Iwne sur 



Fig S 18 Sup«rfieia( nusefes of the gfuteol 
region (bullock) 
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roundinj' the obiuraior fonmen ind from the obturator membrane (the 
membrane tint co\ers Q\er the obiunior foninen) Leaxing the pehjs 
through ilie lesser sciatic foramen it is inserted by a flat tendon into the 
front part of the medial surface of the greater trochanter (Fig 5 17) 

The superior gemellus arises from the spine of the ischium the 
inferior gemellus from the tuberosity of the ischium the tendons of 
both these muscles blend with the tendon of the obturator iniemus and 
are inserted A\uh it 

The quadratus femoris is a small quadrilateral muscle l)ing below 
the gemellus inferior it arises from ihe tuberosity of the jschmm and is 
inserted into the crest on the posterior surface of the femur below and 
medial to the greater trochanter 

The obturator externus anses from the hip bone where it forms the 
inner margin of the obturator foramen from the rami of the pubis and 
the ramus of the ischium and from ilie obturator membrane The fibers 
pass backwards and converge to a tendon that is inserted into the depres 
sion on the medial stile of the greater trochanter (trochanteric fossa) 
Actions the jireccdmg fuc muscles rotate the thigh outwards Thej arc 
supplied b) blanches of the lumOai and social nerves (third lumbar to 
second sacral) 

Muscles of the (eg Crural muscles 

The muscles of the leg are gioupcd for purposes of description into 
threegroiips antmoi Inlnal ‘xmt pottrnor 

Anterior muscles of the leg f 1 ibnl s anicnor rxiensor digitorum longus 

( \ntcrior crural) j Extensor liallucis longus Peronens tertius 

Lateral muscles of ihe Uf; 1 eroneiis I nigns 1 croncus brevis 

(Laterd emrd) 

Gasirornrnnus I hi cans 

Posterior muscles of die Ic^ Sikiis Plexor iligilorum longus 

(Posterior crunl) Poplnctis 1 ibuliv p< stcrior 

Plexor itallucis longus 

1 Anterior crural muscles 

The tibialis anterior (Fig 5 19) form the fleslij mass on the lateral 
side of the shin It takes origin from the outer condjle and the upper 
two thirds of the outer side of the shaft of the tibia as well as from the 
neighboring part of the inierosscous membrane Its fibers end in a tendon 
that passes to the inner side of the foot and is inserted into the inednl 
and inferior surfaces of the medial cuneiform bone and the base of the 
first metataisal bone If the foot is lifted from the ground and the ankle 
sirongl) dorstficxed the tendon stands out and can be traced as it crosses 
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ihe medial side of the ankle joini. The muscle can also be fell on ihc 
front of the Jep uhen it contracts. Action^ svhen the foot is not svcigliictl 
b> the body, that is. if it is off the ground, the tibialis anterior dorsiflcxcs 
the foot. \\ lien the bod^ is standing, this muscle acting from alxjse raises 
the bones into which it is inserted— the 



Rtst metatarsal and middle nineiform— 
and rotates them laierallj It thus ac- 
centuates the longitudinal plantar arch 
and iaicrtf* the foot. Puffing from 6e- 
low, the tibialis anterior draws the leg 
fons'anl at the ankle joint and this 
presents overbalancing Inckss’ard. 

The extensor hallucis longtis (Fig 
5 19) takes origin from the anterior sur- 
face of the middle two quarters of the 
fibula and the .adjoining part of the 
interosseous membrane. It is inserted 
into the dorsal (upper) surface of the 
base of the tlistal phalanx of the great 
IOC Aclion' the extensor Inllucls longus 
dorsidexes the phalanges of the grnl 
toe and with continued action assists in 
doniilcxing of the foot Its leiulnn 
stands out prominent!) in the lis ing sul>- 
ject when llie great toe is dorsincxeil 

The extensor dlgliorum longus is 
a slender muscle I) Ing on the lateral 
Side of the anterior aspea of the leg It 
arises from the lateral rond)Ic of the 
tibia, the upper three quarters of the 
anterior surface of ilie fibula, and the 
upper part of the interosseous mem- 
brane At the ankle joint Its tendon 
divides into four, each of vvhicli goes to 
one of the four outer toes, where It is 
insertctl in a manner similar to that 


Fig 5 19. Anterior ertirol musclet aircadv tlcscribcd for the tciuloiis of the 
extensor digitorum going to the fingcTL 
Actions the extensor digitomm longus dorsificxes the outer four toes 
and w ith continued action dorsificxes the f<*ot 

The jKToncus icrtius arises from the lower third or so of the ante 


VTurtilnf* the foot lo ai to raise ill iniier bonier ii callnl Insrfsioo ll'e ojij'rsUC 
mosetneiii of rawing the oiiier Imnler of the fool u callcil e*ri»lon Tlie laucf n a 
much mote rninctrtl moiemeni than imcrwon. 
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nor surface the fibula and the adjoining pan of the interosseous mem 
brane, it is insertetl into the dorsal aspect of the base of the fifth men 
nrsal bone This muscle is really a part of the extensor dignonim longus 
Action the peroneus leriius dorsiRexes and eacrts the foot 

All the antenor crural muscles are supplied by the aulerior (itnal 
nerve 


2. Lateral crural muscles 

The peroneus longus (Fig 5 19) arises from the head and the upper 
ttvo thirds of the lateral surface of the shaft of the fibula Its tendon 
commences about the middle of the leg and passes behind the outer 
malleolus crosses the outer side of the calcaneum oblique!) to the side 
of the cuboid bone then traterses the under surface of the latter and 
crosses the sole diagonal!) to be inserted into the base of the first meta 
tanal bone and the medial cunctfomi bone Action the peroneus longus 
aids in stead)ing the tibu upon the talus (first bone of the tarsus Ch 3). 
and through the position of its tendon is an important factor m mam 
taming the arches of the foot It can also e\ert the foot uhen it is not 
bearing weight (Fig 5 24) The peroneus longus is supplied b)' the 
musriiloewtnneouj nerve 

The peroneus brevis takes origin from the lateral surface of the 
fibula in Its lotver tuo thirds It lies under cover of the preceding muscle 
Its tendon runs behind the lateral malleolus, m front of the peroneus 
longus tendon it runs along the side of the calcaneum and is insertetl 
into the base of the fifth metatarsal bone Actions the peroneus brevis 
aids in everting the foot and prevents ovennversion thus protecting the 
ligament on the outer side of the ankle It is supplied by the musculo 
cutaneous nerve 

3 Posterior crural muscles 

The gastrocnemius (Fig 5 20) is the most superficial and the most 
prominent muscle of the calf It takes ongin bj two heads The lateral 
head arises from the back of the femur along the supracond)lar line and 
from the outer side of the lateral condyle The medial head takes origin 
from the posterior part of the medial condj le of the femur and from the 
bone immediate!) above it Both heads are also attaclietl to the capsular 
ligament of the knee joint About the middle of the leg the two heads 
end m a broad aponeurosis that narrows and is joined by the soleus 
tendon to form the fendo calcaneus (lendo Aclnllis) The latter is in 
serted into the posterior aspect of the calcaneum (heel bone) The gas 
trocnemius is supplied b) the medtal popliteal nerve 

The soleus (Fig 5 20) lies beneath ilie gastrocnemius It anses from 
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Pg 5 20 Posfer or CTurel moicle* left xuperrc at mojtle*; r gfi/ 
deep tnvKiet 


the posterior aspects of the heatl and upper quarter of the shaft of the 
fibula from the middle third of the ntetlial border of the tibia and from 
a fibrous band betueen the upjser parts of the tibia and fibula Its tendon 
joins that of the gastrocnemius to form the tendo cilcaneiis It is supplictl 
by the medial pof)ltteal and posterior tibial nerves Actions the cilf 
muscles are powerful plannr flexors of tlie foot Tlie gastrocncinius siq^ 
phes the mam propulsive force in walking running or jumping winie 
the soleus serves clnefl) in muntainiiig the posture of the leg ujKin the 
loot 
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the femur nbo^e the exiennl cond)Ie and ends in a long slender tendon 
that js inserted into the fiosjcnor part of the calcaneiim Action the 
plantans acts in conjunction tsiih the gastrocnemius It is supplied b\ 
the medial (io{>lilcal nerve 

The popliteus lies at the back of the knee joint It arises from the 
htenl condole of the femur and from the posterior ligament of the knee 
joint Its fibers run ohlKpie!) to their insertions into the upper fourth of 
the jiosterior surface of the tibia abose the origin of the soleus Action 
the jiopliteus assists m flexing the knee joint It is sujiplied by the 
medial fwfihtcal nen e 

The flexor hallucis longns irises from the middle pirt of the pos 
tenor surface of the fibula and fiom the interosseous membnne Its 
tendon occupies a groove tint crosses rhe posterior surfaces of the tibia 
and talus and the undersurface of a projection (sustentaculum till) on 
the medial aspect of the cafcaneuin It is inserted into the plantar surface 
of the bise of the distal phalanx of the great toe 

The flexor digitomm fongus arises from ihe middle three quarters 
of the [iosterior surface of the shaft of the tibia Its tendon runs behind 
the medial milleolus and fonvard along the side of the cilcnncum In 
the sole llie tendon after receiving a slij> from the flexor longus Iiallucis 
bioadens out ind is joined by the flexor longus accessorius It imme* 
diately divides into (our tendons that are inserted into the bases of the 
distal phalanges of ilie four outer toes Actions vMth the loot off the 
grountl the flexor halliios longus and iJie flexor tligiionim longus flex 
the toes \\ith the foot bcirmg the ueiglit of the body these muscles 
steady the heads of the nietitaisil bones which serve as the fulcrum of 
the lever througli whicli the bodv is raised and propelled in walking 
running or jumping Both of the picccdmg muscles ire supplied b) the 
posterior tibial ticive 

The tibialis jiostcrior (Fig 5 20) irises from the posterior surfaces 
of the shafts of the tibia ind fibula and the interosseous membrane Its 
tendon curves fonvard behind the medial malleolus to the foot and is 
inserted mainl) into the mednl asjiect of the navicular bone It also sends 
slips of insertion to several other bones of the carjius — talus cuboid ind 
the three cuneiform bones — ^and to the bises of iJic second third and 
fourth metatarsal bones Actions the tibnhs posterior is a strong inverter 
of the foot ind also is art impoiiant muscle in maintaining tlie longi 
tiuhml arch of the foot It contributes a steadying effect upon the bal 
ance of the leg on the foot countencting any inchmtmn to overbifance 
laterally It is supphetl by the posterior tibial nerve 

Muscles of the foot 

The muscles of the foot consist of a dorsal muscle die ixtensor dtgi 
torum brevts and four layers of plantar muscles from the most super 
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ficial to the deepest as follous (a) a&tfuctor /a/funs flexor (ttgifonim 
brevts anti abdueior digiti mimmi (b) flexor dtgtloruni flcr«ion»i and 
Itimbrjcflies (c) flexom falUicts brevis nddnrjor bnllHm and /lexer 
digiti minimi brevts (d) inferossci (Fig 5 21) 

The extensor digitorum brcsis arises mtinl) from the otiiei am! 
upper surfaces of the cnlcanciim and ligaments in the neighborhood Its 
fibers end in four tendons tlic most medial of tsluch is inserted into the 
dorsal surface of the base of the proximal jilnlanx of the great toe The 
remaining three tendons arc inserted into the tendons of the cxicnsor 
digitorum longus going to the second third and fourth toes It is su[»- 
phed by a terminaf brancfi of ihccnfcrior fifiiflfnen/c Acfiori the exten 
sor digitorum breus is an extensor of tlie toes 

The abductor hallucis anscs from a tubercle on the medial surface 
of the calcaneum from the flexor retinaculum (p 127) and from the 
plantar aponeurosis It is inserted into the base of the proximal f halanx 
of tliegreai toe It is supplied by the medial flhtilar nerve 

The flexor digitorum bresis arises from the tubercle on the medial 
aspect of the calcincum and from ilie plantar aponeurosis Its fibers end 
in four tendons tint diirde unite and rethnde and are inserted in the 
same nay as are the tendons of the flexor digitorum subhmis of the fore 
arm It is supplied by the media/ p/onfarnene 
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The abductor digiti mtnimt arises from die sides and under surface 
of die calcaneum and froin the plantar a|)oneurosis Its tendon is tn 
sorted into the outer side of the base of the proximal phalanx of the 
little toe It IS supplied b> the lateral plantar nerve 

The flexor digitorum accessorius arises by a medial fleshy and a 
lateral tendinous head The former arises from the medial surface of the 
calcaneum, the latter from a tubercle on the outer surface of the bone 
and from the long plantar ligament It is supplied by the lateral plantar 
nerve 

The lumhncales arise from the tendons of the flexor digitorum 
longus The) are inserted as m the case of those of the hand into the 
dorsal digital expansions of the outer tour toes The first (most medial) 
lumbrical is supplied b) the medial plantar nerve the others bj a branch 
of the lateral plantar nerve 

The flexor hallucis brevis takes origin from the under surface of the 
cuboid bone the adjacent pan of the lateral cuneiform bone and the 
tibialis posterior tendon It gives rise lo luo tendons that are inserted 
into the sides of the base of the proximal phalanx of the great toe It is 
supplied by the medial plantar nerve 

The adductor hallucis takes origin by an obhtjue and a transvene 
head The oblique head arises from the second third and fourth meia 
tarsal bones and <s inserted into the lateral side of (he base of (he proxi 
mal phalanx of the great toe The transverse head takes origin from the 
ligaments of the third fourth and fifth toes and blends with the tendon 
of the oblique head It is supjilied by a branch of the lateral plantar 
nerve 

The flexor digiti minuni brevis arises from the plantar surface of 
the base of the fifth metatarsal bone and is inserted into the lateral side 
of the base of the proximal phalanx of the little toe 

The inierossei of the foot are arranged very similarly to those of the 
hand and as in the latter arc in two groups — four dorsal, but only three 
plantar The dorsal mterovsei are bijiennaie muscles that arise from the 
adjacent borders of the metatarsal bones beiv\een which they he Their 
slender tendons are inserted into the dorsal expansions and bases of the 
proximal phalanges The base of ihe phalanx of tlie second toe receives 
the tendon of the first interosseus on its medial side and that of the 
second interosseus on its lateral side The lateral sides of the proximal 
phalanges of the third and fourth toes receive the tendons of the third 
and fourth interossei, respectively Tlie plantar mtcrossei lie beneath the 
third, fourth and fifth metatarsal bones and arise from the bases and 
medial sides of these bones tlieir tendons are inserted into the medial 
sides of the bases of the corresponding phalanges and into the dorsal 
digital expansions 

Actions of the muscles of the foot In most instances the muscles of 
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the foot ha\e actions descnbed by their names Tints the abductor Ini 
lucis abducts the great toe and the adductor hallucis adducts n The 
flexor dignorum bresis assists in flexing the toes the abductor digm 
minimi abducts tJie IntJe lo^ and so on for the other muscles But the 
most important functions of the foot muscles are to stead) the toes and 
bind them into a strong base of sup()ort and to nnmtam the arciies 
of the foot 


DEEP FASCIAE OF THE LOWER LIMB 


A stout fascia called the fascia iliaca covers the psoas and iliacus 
muscles The deep fascia imesting the thigh is Inoun as the fascn lata 
Above and laiernlly it is thick and strong and forms a stout band doi\n 
the outer side of the thigh knou-n as the tUolibial tract uhidi splits in ils 
upper part into two layers between these the tensor fasciae latae muscle 
IS inserted (Fig 5 Ifi) Tlie fascia lata is strong about the knee joint but 
thm and weak over the posterior and medial aspects of the thigh Behind 
and laterally it is attached to the iliac crest and the back of the sacrum 
in front it is fixed to the inguinal ligament and the superior ramus of the 
pubis In the upper and medial part of the tlngh there is an oval gap in 
the fasaa lata called the safihenous opening The long saphenous vein 
passes through this to join (he femoral vein 

The deep fascia of die leg is thickened at the ankle v>liere it forms 
bands that hold the tendons m place as they cross the joint The binds 
five m number are named respective!) superior extensor reUnacuium 
inferior extensor retinaculum, flexor retinaculum superior peroneal 
retinaculum, and inferior peroneal retiiiaculiim (Figs 5 19 5 20) The 
superior extensor retinaculum holds in place the tendons of the tibialis 
anterior the extensor hallucis longus exiensoi digitorum longus ind 
the peroneus tertius as they cross the front of the ankle The inferior 
extensor retinaculum is a Y shaped band lying disial to the foremen 
tioned The flexor retinaculum extends from the inner malleolus to (lie 
calcaneus and binds down the tendons of the tibnhs posterior flexor 
digitorum longus and flexor hallucis longus as well as the postenor 
tibial vessels and nerve The superior and inferior peroneal renmcida 
he on the outer side of the ankle the peroneus longus ind peroneus 
brev IS pass beneath it. 

The plantar aponeurosis is an excecvhngl) strong fascial covering for 
the muscles of the sole Its thicl^est and stronijest part is centrally placed 
This is composed of white connective tissue fibers running mainly m die 
long axis of the foot but reinforced by many transverse fibers This cen 
tral portion is narrower behind where it is attached to die calcancum 
than in front wheie it divides into five parts that divti^e and pass one 
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lo each toe The medial and hieral parts of the aponeurosis are thin 
and co\er the muscles on the corresiionding sides of the sole 


THE BONES AND MUSCLES AS LEVER SYSTEMS 

A le^er is a strong bar or other rigid structure that can be moaed 
about a fixed axis called the fulcrum and through whicli a force can be 
transmitted Leters are of three classes In a lever of the first class the 
fulcrum IS situated between the applied force and the object to which the 
force is transmuted (such as a weight to be raised Fig 5 22/1) Examples 
are a seesaw scissors or a pump handle In levers of the second class 
(Fig 5 22B) the v eight to be moved is situated between the force and 
the fulcrum as in a nutcracker a wheelbarrow or in raising a weight 
upon a plank having one end resting upon the ground (fulcrum) In 
levers of the third class the force is applied between the fulcrum and the 
weight as when a ladder is raised b) grasping it near the middle while 
one end rests upon the ground (Fig 5 

Man) bones especially the long 
bones of the limbs act as levers the 
attached muscle or muscles fuinishing 
the power Levers of tlie first class are 
employed in the bo ly for snbiht) The 
best example is the head po sed upon 
the atlas (fulcrum) tiie v eight being the 
front or the back of the hea 1 and the 
force being supplied by the muscles of 
the neck There are fcv^ levers of the 
second class in the bo ly an example is 
depressing the lov er jaw against a resist 
ance (as when the teeth are stuck to- 
gether b) taffy) the fulcrum being the 
joint between the mandible and the tern 
poral bone of the skull and the force 
be/ng sitpphed by ibe wvscles ttxai toner 
the jaw The fool in walking also serves as an arched lever of the second 
class the fulcnim being tbe heads of the metatarsal bones tbc power is 
furnished by the calf muscles attache I to the calcancum The weiglit 
that js raisnl is that of liie hotly through the tibia 

Most of the levels in the hotly are of the third class An example of 
the operation of such a lever is the flexion of the forearm The elbow 
joint IS the fulcrum the force is providetl by the biceps muscle attachetl 
to the upper part of the radius and the vecighi to be lifted is the more 
distal part of the forearm or an object grasped by the hand (See also 

P 611) 



ih d (C) W we ghi f fulcrum 
P power 
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Ftg 5 22 Show ng the 
three classes of lever in 
the human body first W5 
second (5) ond ih rd (O 
W we ght r fulen/m fi 
power Sent d ogrammot c. 


Tbe structures shown m Figures 5 21 to 5 31 are describeil m other 
sections of the booV 
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StvIopKaryneeuS 




Rg 5 26 (Upper left) Musdef o" 
the posterior aspect of the lerynx 
Fig 5 27 (Upper r ghV Muscle* oi 
the pharynx from beh nd 
Fg 5 28 fCentert Muscle* of the 

tongue end throot mucosa of tongue 
portly removed 

F,g 5 29 flefo The oculor muscle* 
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^ "Gluteus mo* mus 


Pig S30 (AboveJ Muwles of the (emole perlrieum ond lab a 
majora >k n ond tvbeutoneev$ tstue removed fHighl) iketch 
of deeper structures 


fig 5 31 ffle/ow/ Muscles of the mole perineum 
Corpus covemosum penis Corpus sponj osum pens 


Anas 
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The Functions 
and Composition of 
the Blood 


The /lujds of the bod) /alJ into luo main categories namel) 
(a) the red fluid \\uhin the blood \essels— the blood and (b) the color 
less fluid outside the circulatory s>stent — the extra\ascular fluid Of the 
extratasctilar fluid a part lies within and is a constiiiiient of the cells of 
the tissues generally it is called tntracelluhr fluid The remaining part 
of the exiravascular fluid is called evtracel/ii/nr flmd The latter com 
prises the fluid m the small spaces between the cells the fluid m the 
serous cavities (pleural [Ch 19] peritoneal [Ch ’7] pericardial sac [Cli 
12J etc.) the cerebrospinal fluid and the fluid (lymph) within tic 
l)T7ipli sesseJs 

This chapter and the three that follow will be detoted to a descrip- 
tion of the blood Tlie extravascular fluids will be dealt with m Chap- 
ter 9 


FUNCTIONS OF THE BtOOD 

In order to understand the functions of the blood let us siuclv for 
a moment a creature composed of only a single cell such as the amoeba 
(Ch 1) It lises m water and the water that bathes its surface senes for 
this organism those purposes that for higher forms of life having bodies 
composed of millions of cells are cametl out bj the blood and other 
extra cellular fluids For example the singlc-relletl amoeba requires 
oxygen and this gas simply passes bj diffusion from tlie water in v h ch 
the creature lives into the mtenor of its body The amoeba forms carbon 
H8 
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dioxide ind this gas as it is produced |>asses directly out into the sur 
rounding uater Nourishment is obtained also in this direct and simple 
fashion and in the same A\a} s^aste materials formed ^sitliin the cell arc 
cast away Similarly the amoeba s temperature and its u-ater supplj are 
governed by uaier in s^hich it li\es 

The human body is composed of millions and millions of cells each 
of which IS not fundamentally different from an amoeba The elemental 
needs of each cell of this community of cells are no greater and no less 
than those of the one celled antmil No cell of the body can exist for long 
without oxygen Every cell forms carbon dioxide uhich must be elinu 
nated from its protoplasm and from the body Nourishment must be 
provided upon which eacli cell may feed and waste materials must be 
removed if the cells are not to become poisoned and die But hc know 
that in the bodies of higher animals the cells are picked together m 
masses and he at a distance from the surface They cannot possibly satisfy 
their essential needs in the simple fashion of the amoeba Some primitive 
forms of life such as the sponges though made up of many cells get over 
this dilBcuUy by the development of canal systems that course through 
their bodies and open upon the surface Through these canals the ocean 
waters m whicli the sponge lives (low freely in and out to bring oxygen 
and nounshmcni to the interior cells and to carry carbon dioxide and 
vvnsie products away Such a device may be looked upon as the first 
attempt at i circulation It is an open system and of course very imper 
feet in higher forms of animal life the circulation is closed and the 
channels are filled not with water but vvith a fluid highly specialircd for 
the palarmsnce of those <lut/es that eter)’ botl} cell tJemimJ/ 

Approximately 70 percent of the substance of the animal body is 
made up of fluids Fluids fill the spaces between groups of tissue cells 
and bathe every cell (Ch 9) TJie colorless fluid m these places moves 
sluggishly much as water seeps through marshy ground it is not kept 
within definite channels or canals and is therefore spoken of simply as 
the tissue fluid or the interstitial fluid On the other hand that bright 
red fluid that we know as blood courses swiftly through a system of tubes 
— arteries capillaries and veins (Ch 12) In the laigest of these tubes — 
the arteries — the blood flows at the rate of a mile or more per hour The 
blood however as we shall presently see is only semifluid it contains a 
large number of solid particJra — the blood cells — that arc evenly mixetl 
with the fluid The smallest blootl vessels— the capillaries— arc made of 
the very thinnest and most delicate of membranes The wing of a inos 
quito is a coarse heavy material compared with the membrane that 
forms the wall of a capillary The capiHary walls are [wrous an<I allow 
fluid but not the red cells to pass from tlie blood and mix with the fluid 
in the tissues Tliey also permit tissue fluid to enter tfie blood stream and 
mix with the blootL Thus it can be easily umlcisiood how oxygen and 
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nounshmg substances are con\e>ed from the blood to the cells o[ the 
tissues, and hou. on the other hand, carbon diovide and waste maieriah* 
can be carried from the tissue cells to the blood 

The blood dowing through the capillanes, and the interdiange of 
materials between the fluids of the tissue and of die blood, call to mind 
a brook trickling through a niarsh> meadowr The water of the marah 
though apparentl) still, is kept fresli and sweet, and vegetation Qounshes 
as a result of the re\i\if)ing stream flowing through its midst 

The functions of the blood and ussue fluids are summarized beloiv 

1 Itespiralion the transportation of o\^gen from the air in the 
lungs to the capillaries, and of carbon diovide from the capillaries to die 
lungs The capillary blood deliters the oKjgen to the fluid of the tissues 
whidi, in turn, carries carbon dioxide from the cells to the blood m the 
capillaries ^ 

2 Nulrilion theconse^anceolfoodmaterials — glucose, ammo aads, 
and fats (Ch 30) — from the intestine to the tissues 

3 £xcretiori the carriage of stfaste products from the tissues to the 
kidnej and intestine 

4 Jiegulaiion of t/ie body temperature (Ch 29) 

5 A/oinfenanctf of the water content of the bod) This duty is 
shared, of coune, by the tissue fluids 

6 Protection against disease The blood and tissue fluids contain 
certain chemical substances, antitoxins, etc, diat are the basts of the 
bodj's defense against germs and other injurious agents (Ch 11) The 
blood also serves as a medium through which hormones (Ch 38) manu 
factured b) the several ductless glands are carried to all parts of the body 

The quantity of blood The blood in tlie body of a man of average 
size has a volume of about 0 liters It makes up about 9 percent of the 
total weight of the bod) This quantity vanes very hiile in health 

THE COMPOSITION OF THE BLOOD 

The blood is a bnght red fluid consisnng of a suspension of cells— 
the corpuscle— in an almost colorless fluid The corpuscles are of two 
rnain types— red and white The red corpuscles are many limes more 
numerous than the white. Both types will be described m the following 
chapters 

If blood 1 $ shed and collected m a small glass tube, it soon sets mto 
a jelf) or clot Certain measures can be taken, however, thvi will prevent 
the blood from clotting and when this is done it’will be found that the 
blood cells, after a time have seuled toward the bottom of ihe tube 

‘These are unoxidued elements of food nwBlI) retnnanu of protein such as utes 
unc aad etc ihcy arc earned in the blood to the kidneys and exaeied In the unne 
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much as finel) dnided da) settles from water The setting of the cor* 
puscles can be hastened \ery greiilj by placing die tube of blood in a 
machine called a centrifiii'e This machine spins the tube of blood in a 
arcle in tlie same w“a) that milk is spun in a separator. ^Vhen tlie tube 
IS remoted, the blood tvill be found to hate separated into a lower red 
and nearl) solid portion, and an upper straw colored fluid (Plate la) . 
The lower mass is composed entirel) of the blood cells, which, being 
heavier, have been forced to the bottom of the lube The upper portion 
IS the fluid part ot the blood It ts calletl plasma The plasma amounts 
to about 55 percent of human blood, tlie cells make up the remaining 
45 percent or so 

The following are the chief consiituents of the blootl 


I Phsma 

Water 1)2 percent 

Proteins 

Inorganic substances 

Nutritne matenab 

Various aiuibodtes hormones and 
W’nste rmienals 


I Fibrinogen 
Senim globulin 
Senim dbumm 

Oilondcs, carbonates and phosphates 

Sodium 

Potassium 

Cvlctum 

Mignesium 

Glucose fats (Ch 50) 

Amino ‘icids (Ch SO) 

yroes 

Urea unc acid etc (Ch SO) 


II Solid elements 

Red cells or er)ihrocytes 
W’hite cells or leucocytes 
Platelets or thromlwcyies 

The plasma In composition and general appearance the plasma 
resembles very closely the fluid filling the tissue spaces and bathing the 
individual cells TJie proteins are dissolved m the plasma in mucli the 
same way as gelatin or v%hue of which are types of protein, may be 
dissolved in a weak solution of salt Tlie proteins give to the plasma a 
certain ‘stickiness,'* or viscostly which water or saline alone does not 
possess As we shall see later, this viscosity of the plasma aids in mam 
taming the blood pressure (Ch 15) 

Since the proteins are colloids, those principles governing the be 
havnor of colloidal solutions (Ch I) apply to the blood plasma * Fibrino- 

*Thc capillary wall is a scmipcrmcablc membnne In so far as the proteins of the 
ptasma are wncerned (Ch 1} ThcJalter.cspcciill) theaJbumin therefore, «en a definite 
Uiougb small osmouc pressure 
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gen has a special function to perfoim m the coagulation of the bloocl 
(Ch 7) The osmotic pressure of the plasma depends mainly upon the 
serum albumin Thus since water is drawn from the tissues and held 
within the blood \essels the volume of the blood is maintained at the 

normal level (Ch 15) From the serum globulin immune substances are 

manufactured that are essential for the defense of the body against the 
microorganisms of disease (Ch 11) 

The various inorganic constitutents of the ]>lasnia— sodium calcium 
potassium phosphates and sodium bicarbonate — are absolutely essential 
for the proper functioning of the body cells The proportions of these 
several salts do not vary appreciably in health but senous disturbances 
arise if their percentages rise above or fall below the normal level 

WTien a specimen of living tissue is removed from the body of an 
animal for study it must be kept moist or it will die almost immediately 
Pure water since it does not contain the essential salts is not suitable 
for this purpose and the cells are killed A watery solution may be made 
up containing sodium chloride calcium chloride and potassium chloride 
in the same proportions as they exist in the plasma This fluid known as 
Ringers solution after the physiologist who first used it when employed 
to batlie the tissue keeps it alive and capable of performing its normal 
functions for a comparatively long time Sodium bicarbonate is added to 
the solution to serve a purpose similar to that which it senes in the body 
namely the neutralization of acids formed in metabolic processes and 
the maintenance of the norma! alkalinity 

The glucose fats and fatty acids and ammo acids in the plasma are 
the food materials being earned to the tissues of the body Some of these 
materials supply the energy for the performance of work others go to 
build up the body of tlie growing animal and still others are used to 
repair the wear and tear of the tissues These substances are denved from 
the starches sugars fais and proiems of the food which has been digestetl 
in the stomach and intestines Urea uric aad ami other waste materials 
denved from the protein of food and body tissues (Ch 32) are excreted 
in the urine 
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The Red Blood Cells. 
Hemoglobin. Anemia. 

Blood Clotting. Hemorrhage. 
Transfusion. Carbon Monoxide 
Poisoning 


RED BLOOD CELLS, OR ERYTHROCYTES 

The red ceils of the blood are cnlled red blood corpuscles, 
or erythrocytes (Gk enlfiros, red + kytos, cell) Under the microscope 
erythrocytes appear as faintly pink discs They owe their color to a pig 
ment called hemoglobin, which svill be considered in more detail later 
The deep red color of blood as seen by the naked eye is due to the great 
numbers of these pigmented cells massed together The mature humsn 
erythrocyte is different from any other cell of the body in that it possesses 
no miefeus ‘ li the cell is examined carefuffy unifer ific miaoscope, a 
shallow, saucerlike depression can easily be made out in ns center (Phtc 
lb) The depression or hollow occupies the greater pari of the body of 
the cell and is present upon both surfaces making the cell miicli thinner 
toward the center than around its circumference, which forms a cirailar 
lip As a consctjuence the cell, when seen ctlgewisc. Ins an oiitlme some- 
thing like a dumbell or a doubly clubbed roi! 

The sire and number of red cells The r«I cell is about D 0003 inejj in 

I The r«l forpujcles in ihe Wood of Same JoHrr tormt^or example llie frog — con 
tain a nucleus 
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diameter and no more than 0 0001 meh thick’ Looked at under the 
inicroscope a film ot blood appears as a mass ol these small rounded 
objects, crostded togetlier so that each one touclies or almost touches 
Its neighbor Sometimes the cells cling together ti.ih then broad surtacei 
applied to one another, and the edges only are seen so that the) resemble 
a jjile of coins S^uch an arrangement ol the cells is spoken ot as a rouleau 

A cubic minimeier of a man s blood 
contains from 5 to 51/2 million red cells 
A cubic millimeter is about drop 
The blood of a woman contains about 
half a million fewer cells per cubic millt 
meter than the blood of a man Tlie 
number of cells m all the blood of a 
man of average size is no less than 25 

rnliion (25 000000000000) Jllvd/lat 
ctlge to edge and one lajer deep all the 
cells m the human bod) would cover an 
area of about 5 500 square yards 

The life history of the red cells The 
red cells are manufactured by the red 
marrow of such bones as the ribs vert^ 
brae and the tliploe of the skull In 
children red marrow' in the ends of the 
long bones of the limbs share this func 
tion The red cell develops tlirough 
several stages before it 1 $ finally turned out as a finished product and 
disdiarged into the general circulation In its earliest stage it ts a ver) 
laige cell witli a large nucleus but no pigment Later it becomes smaller, 
gams hemoglobin and finally loses its nucleus In a healthy man it does 
not escape from the bone into tlie general circulation until it has reached 
this last stage The cells of this stage — that is, the youngest cells in the 
Circulation — show, when stained with a special dje. a fine blue network 
or reticulum They are therefore called reticulocytes They soon lose this 
reticulated appearance becoming mature erytfirocy ics within a few hours 
after their discharge from the bone marrow 

The erythrocyte has a short life It is driven completely around ilic 
bod) at high speed once or twice a minute and is subjected to many 
stresses and strains It becomes old and worn out m service and finally 
breaks up in the blood stream Its life span has been estimateil at 00 to 

* These meajurenienM are more umall^ expresswJ tn microns (fi) \ micron i» 
VLOda millimeter The diameier of the red cell 11 around 72 p and ns iliitkncu 
22 p Thest are mean figures normally llie diameters of the red cells in a speomen of 
blood >-ar> from 0 to 9 but there arc few to be found as small or as large as ifieie 
The greatest number will have a diameter ol 72 p (Fig 7 1) 


(pi roufeatlx) (Plate 16) 



Fig 7 1 Showing the form and 
slrueture of a red blood cell A, see 
honed 6 from obove 
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125 da)s The fragments of the wom-out cells are remosed from orcu 
latjon by certain large scavenger cells m the spleen Fresli erjiliroqtes 
are turned out b> the bone marroiv to replace the millions of cells that 
disappear each da> 

HEMOGLOBIN 

The pigment of Uie red cell is a complex protein called hemoglobin 
It iS the all important constituent of the cell ithout hemoglobin the 
erythrocyte would be uorthless Of the miny substances composing the 
human body hemoglobin is one of the most interesting If it were not 
for tins pigment our skins would be almost as w hue as paper — or a sickly 
putty color Chemists have studieil this material very carefully and have 
found out some strange things about it They have discovered in the 
first place that it is a close relative of the coloring maternl of plants 
The green color of plant life is due to a pigment that resembles hemo 
globin The plant pigment is called dilorophyl This pigment is just as 
important to the plant as hemoglobin is to animals By means of ^loro- 
phyl and the sunlight plants are able to build up starches and sugars 
from the water of the earth and the carbon dioxide of the air It was also 
found that the bnlhani colors of the feathers of some birds the colors 
of their eggs and many other hues m nature were due to pigments that 
resemble closely the pigment of our blood Hemoglobin however is 
different from these pigments m one very important particular It con 
tains iron The blood of a man contains enough iron to make a 2 inch 
nail As Ruskm says Is it not stnnge to find this stern and strong metal 
mingled so delicately in our human life that we cannot even blush with 
our Its help? 

Iron The iron of hemoglobin gives this pigment the power whidi 
other similar pigments have not to carry oxygen We know than m iron 
nail soon becomes red with rust TIic nail rusts because the oxygen m 
the air forms a diemical vinion with the iron of the nail So too the 
oxygen of the air in our lungs joins with die iron in the hemoglobin and 
turns It a brighter red But there is an essential difference between the 
combination of oxygen with tfie iron of the nail and its union vvith the 
iron in hemoglobin The iron rust (iron oxide) will not give up the 
oxygen again except under very drastic treatment 

The oxygen that combines with hemoglobin in the Jungs on the 
Ollier hand is released again with ease when the red cell readies the 
capillaries We do not say therefore that the hemoglobin (or the iron in 
it) has been oxidrcd, for that implies a firm and stable union Instead 
we speak of it as being oxygenated When hemoglobin loses its oxygen 
and becomes a darker red it « called rcducctl hemoglobin When the 
red cell is returnetl to the lungs and the hemoglobin takes up another 
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load of oxjgen and flashes red again, u is called ox>hcinoclolnn fscc also 
Ch 20) / o V 

Other constituents of hemoglobin Iron makes up only a small pari of 

ihe hemoglobin molecule Two other substances form ns Bje.»ier jrart a 

pure pigment pan called porjibyTin and a protein called globin \\hcii 
porphyrin and iron are combined together SMthoui globin, the sulwtaticc 
IS called hemalin. Hemaim is /ound in onions, sjnnach, cabbage, ami sc\ 
eral other segetables, in wheat, oatmeal, yeast, meats, etc Jt is apparent, 
then, that our bodies derive an abiitulaiice of this substance from fooil 

But, unfortunately, the hematin present in food cannot be used to 
any important extent by the body tor the manufacture of hemoglobin 
Vet, provided that the diet contains adequate amounts of iron and of 
globin, which is present in protein foods, especially meats, the cells of the 
tissues have no difficulty in synthesizing the necessary amount of hemo- 
globin for newly formed red cells Liver, kidney, beef muscle, and chicken 
gizzard are especially ricli m hemoglobin building material Iron is usu 
ally present m adequate amounts m a liberal and vscllbahncctl diet, 
but It 1 $ sometimes necessary to take additional amounts m the form of 
tablets or solutions Ciiildren and women are especially likely to require 
extra iron 

The following scheme shows the main features in the structure of 
hemoglobin 


Poqihynn 

found alorit u die hajii of many pigments »n naiiiit 

+ 

Iron 

II 

Herrut/n 

present in many foo<1s 

found th^^u^hout Oic amm d and sc^etable kingdom 


Globin 

II 

Hcmoglobifi 

present in meats 

pi,^c/it nl blood 


The importance of hemoglobin Hemoglobin bas the properly of com 
bining loosely with oxygen to a greater extent ifnn any other suLsiaiicc 
known One hundred parts of water can absorb about 0 3S parts of oxy 
gen The blom! plasma, which is mostly water, absorbs about the same 
amount One hundrcsl parts of blootl (plasma -h red cells) , on the other 
hand, absorb about 20 pans of oxvgen The blood of a man's body will 
absorb a liter of oxygen — an amount that ssoultl fifi a space, say, the 
size of a grapefruit An eiyuat amount of plasma will absorb no more 
than could be held within a robin's egg I* « apparent, therefore, that, if 
the circulating fluid of the boily were all plasma. Its bulk would liasc 
to be some 5f) times greater than it is in order that tlie tissues mu»ht be 
supplied with the necessary amount of oxygen The blootl makes up only 
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iboui one eleventh of the body 5 ueighi If it were not for hemoglobin, 
the blood would have to he 2 or 3 limes the weight of the solid tissues 

In the jellyfish which possesses no hemoglobin but ne\ertheless 
requires oxygen the fluid portion of its body exceeds many times the 
solid material Similarly, a man instead of needing as he does only 
about 5 quarts of blood would need if he had no red blood cells some 
75 gallons of arculaiing fluid to carry the oxygen to his tissues In order 
to pump this great quantity of fluid around the body a huge heart hav 
mg a capacity of some 2 gallons or more would be necessary Weighted 
down by his great heart and blood \essels and swamped by a sea of body 
fluid he would be left incapable of an actise life Next to oxygen itself, 
iron — Since it is the essential part of hemoglobin — is probably the most 
important element m the lives of higher animals * 

Vonotions ir> the number of red cells Anem a IVhcn the red cells are 
reduced in number die condition is spoken of as anemia Since the func 
tion of the red cell is to carry oxygen from the lungs to the capillaries 
from which u is distributed to the cells of the tissues persons suffering 
from anemia may not be able to get enough oxygen fully to satisfy their 
needs They become breathless when any exertion sometimes even the 
mildest IS attempted 

There are several causes of anemia — namely poor nulniion espe 
cially a lack of first class protein food or of vitamins or a low content 
of iron m the diet repeated hemorrhages defective function of the red 
bone marrow, or the destruction of blood cells by some toxic substance 
in the circulation either formed in the body or ingested In health retl 
ceffs are produced continuously for they have a comparatively short fife 
(3 to 4 mondis) and the old or dead cells must be replaced by young, 
healthy ones from the bone marrow A perfect balance must be struck 
between loss from natural causes and replacement by new cells in order 
that the red cell population shall remain numerically unchanged Ane- 
mia therefore may arise in three principal ways by (1) loss of erythro- 
cytes from the vessels or their excessive destruction in the circulation 
(2) defective function of the bone marrow or (3) lack of the proper 
materials for erythroqte manafacture the nonnal wastage bang uncom 
pcnsaied 

Pernicious anemia is a very severe type of blood disease causeil by 
depressed function of the bone marrow Until recent years it was inviri 
ably fatal In this disease the bone mtrrow fads to receive a substance 
essential for us normal function and supplied by the liver It is called 
the hcmaiinic principle, or more usually now, vitamin B,j Tfie average 
sue of the erythrocytes m pernicious anemia is greater than normal they 

* Oi c 1 H itlrcd cubic ctnlimclers (cc) of I untau I>1 «>*l ci main jlxnit J5 gram* cf 
I ciiiogl il)in and 1 gram of hemoglobin combines wiih 1 3t cc of oxygen 1 hi* ratio is 
spoken of as iu oxygen capacity 



158 - The Fluids of the Body 

arc abnormal in other uij-s intl Imc n short hfc T hus the numlxrr < 1 
red cells in the circulation falls lo a Jou Jeicl " ami unless (he ihscasc n 
arrested the patient cannot obtain a sufricicm ijnantuj of oxj-gen to 
sustain life The usual tvay m sshidi this i^pc of antmu is nou ciucil n 
b) supplying the patient suth Mnmm B , 

The disa)\er> of this cure is an interesting stor) of research A fov 
years ago Dr G H U hippie and Ins assoentes in Rochester N\ found 
that do^ made anemic hj re/icatcd bleeding manufscturcil more icd 
cells on a diet of hser than sshen sustained on my other focnl \s an out 
come of these evpcnments l>rs Minot ami \furphj of Boston gave 
liberal amounts of cooked hser to patients sulTcnng from j>crntciou$ ane* 
mia This diet s\as found to increase the number of crsthrocytcs in a 
spectacular manner to restore their normal form and to put the patient 
on the road to rccoscry Pemicious itictnta has non been rcinostil from 
the list of fatal diseases An c'ctraci of lis'cr or a iiamin 1\„ gisen by injec- 
tion is a specific cure for the disease. 

Vitamin B„ is ssidely distributed m nature it is present m hw 
yeast and many of the ordinary foodstuffs It is found in the large intes- 
tine of normal persons as ascll as of those snfTenng from jicrnicioui 
anemia Since then there is no lack of this sitamm in the diet Mliy 
It may uelJ be asketl does {>cm»cio«i anemia eser deielop' TJie aniuer 
can be given in simple icnns The victim of the disease cannot make u'C 
of the vitamin that he rc'ccivcs But the cause ol his failure it a more 
comphcaied matter The red lione marrow is depnvctl of vitamin B 
indispensable for the proiluciion of mature cryihroqtcs because us ab- 
sorption from the intestine is inadequate Nonna! gastric juice contain* 
an enzyme required for Vitamin B, absorymon The gastric gland* of the 
pernicious anemia patient show atrophy and both this ctirymc anl 
jrepsifi hy’drochlonc acid arc absent from his gastncjmcc Thedcrioiof 
the gastric glands is the key and primary lesion in the disease Thousjli 
large oral doses of vitamin B,, will cure pernicious anemia a certain 
quantity being absorbed apparcnilyr sMthoui ihe aid of thcsjicciFicgastnc 
enzyme a minute amount — a mere fraction of a milligram— is cffcciu'e 
when given parenicrally (intramuscularly) 

Before the mechanism underlying the disease was finally clanficsk 
the essential substance in normal gasinc puce v»as called tlic minmic 
factor, and that in the food (that »i vitamin B,,) the extrinsic factor 
It vs as then knoisai that liver tissue was rich in the cMrmstc factor licr< 
It IS stored by the healthy body and drawn ujion as rcquircil by the bone 
marrow 

Pernicious anemia can also be brought untlcr control bv the oral 
administration of a prcparnnofi of <Icfact«I and fioudmal hogs gasinf 

ijiuitlid />! ht-in Im/i In iJm- MiJod pf a victim o( ih t cllw-aw miy tx- 
a cjujrtrr or lev* o( it c m rtnal 
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mucosi which contains m uttlizable form the enz)TDe that the patjeni 
lacks 

Afore recenilj it has been discmered that another factor of the siia 
min B complex — fohc acid also known as plero)lglulamtc acuP — js also 
effective m restoring the blood of the pernicious anemia patient to nor 
mal But fohc acid is much less valuable than vitamin Bi because it does 
not prevent or arrest the neurological changes (degeneration of the fibers 
of llie posterior columns of the spinal coitl) often sucli a prominent and 
serious feature of the disease 

Hypodnomic or intcrocyttc anerma a much less severe t)pe results 
from a shortage of iron or of first class protein in the diet A deficiency of 
certain vjtarains especially of some factors of the B complex or of vua 
mm C may also occasionally be responsible for an anemia of this type 
Anemias arising in these vvays are usually readily cured by correcting the 
nutritional fault The erythrocytes in this form of anemia are smaller 
than the normal and contain less hemoglobin ilian in health but are not 
very greatly reduced in number whereas as mentioned above m perm 
cious anemn the cells are actually laiger than normal and each cell 
contains more hemoglobin than do normal cells Now the essential defect 
m anemia is the reduction in the oxygen carrying pigment hemoglobin 
In pernicious anemia the reduction in Iiemoglobin is due to the reduced 
number of red cells (even though each cell holds more than the normal 
amount of hemoglobin) In the anemia resulting from a lack of iron or 
other dietary essential the reduction of Jiemoglobm is due both to tlie 
reduction m the number of cells and m greater degree to the smaller 
amount of hemoglobin in the individual cells This latter type is there- 
fore called hypocliromic (Gk hypo under •+ chroma color) or micro- 
cytic (Gk micros small + kytos cell) vvherevs anemias such as perm 
cious anemia are called hypcrchromic (Gk fiyper above) or macrocytic 
(Gk niflrroj large) 

The number of red cells is sometimes j crmanently increnseil above 
the normal as a result of disease There may be as many as U million or 
more m each cubic milhraeier of blood • 

An tncTcnse in the munbeT oj red tells may rrcfur vn hcaWv Vot 
instance when one performs a piece of fnixl physical exercise the reil 
cells may increase by 10 or 15 percent witlnn a few minutes a rise m 
the temperature of the environment also results in in increase m the 
number of re<l cells These increases in the red corpuscles are a result of 
the escape of large reserves of rcil cells from the spleen (Ch 8) or other 
regions where red cells are stored. After the exercise is over or v%hcn the 
air temperature falls again the celU renim to the storehouses 

A visitor to a mountainous region also increases the number of hu 

» Both vitamin B , and fol c acid are present ii normal liver tissue 
* Thii <1 lease ii caJJed pt>l)eyH et»to Ji* cauSc is ui ki ow-n 
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red cells %er^ rapidly when a height of 8000 feet or more abosc the sea 
IS reached. Tins inaease, too, is due to the discharge of red cells from the 
spleen into the circulation. The reduction in the oxygen of the bhxnl 
not only causes contraction of the spleen but also stimulates the manu- 
facture of red cells by the bone manotv. Thus, penons who Ihc m the 
rarefied air of mountainous regions hate permanently a greater number 
of red cells (up to 8 million i>er cii mm) than lliose who litc at lower 
altitudes. Their bone marrow is increased in amount. 

The body’s aim in increasing the number of red cells in the circum- 
stances mentioned abose seems clear. It has already been mentioned that 
the red cells gite the blood its ability to carry oxygen. During muscular 
exercise more oxygen is required; at high altitudes the air holds less 
oxygen, and consequently there is less of it as-ailable for the body. In 
either of these instances an increase in the number of red cells trill enable 
the blood to take up more oxygen from the air, and so to carry more to 
the cells of the tissues than would otherwise be possible. 


COAGULATION, OR CLOWNG, OF BLOOD 

If a blood \essel is opened and a small amount of blood collected in 
a test tube, ft will remain perfectly fluid for 5 or 6 minutes After this 
time the tube may be turned ujiside down, yet the blood will not be 
spilled It will have been converted into a firm red jelly. The blootl is 
then said to have coagulated, or clottctl. If this blood jelly Is allowed to 
stand for lialf an hour or so longer, a further diangc will take place. The 
blood will become separated into a small, firm red mass — the clol — and a 
clear yellowish fluid — the scrum — ^which surrounds it. W’hcn, after ibis 
so called relraclion of the clot, the latter is examined urjder a powerful 
microscope, fine threads may be seen, forming a mesliv^ork in which the 
red and white cells are held. The fine threads are composed of a protein 
calletl fibrin (Plates Ic and le). They were formed when the bloml 
dotted and, by their contraction aftcrwartls, have entrapped the tells as 
m a net. This has caused ihe sepaTaiion oi the ciox Ircrm tlic smrm. Tlrt 
whole process resembles somewhat the dotting of milk. The milk first 
loses ns fluidity, later there follows a scjiaraiiori into curds and whey. 

^Ve all at one time or another Iiavc had a finger pricked or cut, or 
a tooth pulled. Such small injuries involve the opening of tiny blood 
vessels and the escape of blood. But little blootl is lost, for soon after the 
blood escapes dotting occurs in and around the opening in the vessel, 
and the small hemorrhage ceases. If closure of the vsound did not occur, 
death would certainly follow. The blotxl would have ebbed avsay drop 
by drop, and nothing could have stopped the steady drip if vse make 
even a tiny puncture in a full hot water bottle, we know that uithi'n a 
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sljort time most of the water »nll Jeak out In the sime uaj a hrge part 
of the blood would escape from the body from the smallest wound 
Clotting of the blood is therefore an important factor in the arrest of 
hemorrhage though by no means the only one (p 164) 

Very complicated physical and cliemical clianges underlie tlie clot 
ting of blood and many years ha\e been spent by seseral imesugators 
m unraveling the intricacies of the process The actual jellying of the 
blood so obvious to the naked eye is due to the conversion of the soluble 
fibrinogen of the plasma (Ch 6) into the insoluble threads of fibrin 
The several processes leading to this final change will be described as 
simply as possible 

Four substances — prothrombin calcium tliromboplastm and fibrin 
ogen — ire essential for the clotting of the blood Should any of these be 
absent the blood remains fluid after it has been shed The actual diange 
m the blood when it clots is the conversion of the soluble fibrinogen to 
the insoluble fibrin We have just seen that fibrin appears rn the form 
of fine threads that entangle the cells of the blood But cells arc neither 
necessary for nor an integn! part of the clotting process Plasma quite 
free from cells clots as firmly as whole blood the only difference being 
that the clot is white instead of red 

The first three substances mentioned above are required to bring 
about the cliange of fibrinogen to fibrin Jn the presence of calcium 
prothrombin u acted upon by thromboplastin and converted to the active 
enzyme called thrombin Prothrombin ts produced by the hver it is 
present in the circulating blood but is inactive The blood ilso connins 
calcium but free ihromboplistm is absent Thromboplastin is contained 
in all the solid tissues When blood escapes from a vessel it is inevmble 
tint tissue cells are injured and thromboplastin freed The thrombo 
plasiin acts with the calcium upon the prothrombin changing it to 
thrombin The thrombin then acts upon the fibrinogen and converts 
it to fibrin 

The sequence of ev ents is summinzed below 

prothrombin + thromboplastin + ctlcuim = thrombin 
(i aciix.) 

thrombin + fibrinogen = fibnn 

(aaivt) 

The blood as it flows in the blood vessels does not clot because there 
is no free thromboplastin available to convert the prothrombin to 
thrombin The blootl glides along the smooth lining of the irimcs and 
veins without injury which would cause thromboplastin to be liberated 
Any small amount of thrombin that might be producetl in the circulating 
blood IS neutralized by tn antagonistic substance knovm is minhrombin 
which IS present in low concentration m die circulating blood Thus, 
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clotung within the \essels (mini\ascular clotting or thrombosu) Avludi 
would cause instant death, is guarded against 

Inirasascular clotting is easily induced m animals by mjecimg 
thromboplastin into the circulation An extract of any tissue rmi be 
used as a source of thromboplastin but one prepared from lung or 
thymus is espeaally rich m this material 

The platelets when injured also liberate a substance that hastens 
the clotting process 

Anticoogulonh Substances that prolong or prment the coagulation 
of the blood are called anticoagulants Among such substances are atrates 
and oxalates, which combine with the calcium of tlie blood and prc^cnt 
It from acting in the dotting mechanism hirudin, an extract from the 
mouth glands of leeches certain d)cs, dicuminn, a material formal m 
decaying doier silage, and heparin, produced in the Jner, lun^ and 
other tissues of mammals 

Dicumarin and heparin are of especial interest The first of these 
has been shown to be the cause of bleeding m farm animals fed ujwn 
spoiled clover It acts as an anticoagulant by reducing the prothrombin 
concentration of the blood Heparin is a very powerful anticoagulant 
normally present in tlie body Its function in the body is not known with 
certainty but apparently it is noi produced for tlie purpose of prevent 
ing coagulation within the vessels for only msignificani amounts are 
present in die blood Heparin antagonizes the action of thrombin btii it 
IS different from the antithrombm already mentioned as being present in 
the arculatsng blood 

Vifomm K In order to manufacture piotlirombm the liver must be 
supplied vsUh vitamin K ^Vhen the body Jacks this vinmin the conccii 
tration of prothrombin in the blood fills to a lov% level and the blootl 
clots very slowly In sucli arcumstanccs dangerous bleeding mij result 
from a trivial wound (see above) Some newborn babies bleed to deaih 
as a result of the mothers suffering from a deficiency of vitamin K Tlie 
hemorrhagic state is treated by the administration of tins vitamin A 
few hours after birth the ncv\born manufactures its own vitamin K an 
effect for which bicteria in the intestine are responsible Preicntion of 
the disease consists of giving adequate amounu of the vitamin to tlic 
mother for some time before delivery 

Hemophilia Hemopluln is a hereditary discise in vshich the bloocl 
does not dot or does so very slowly A victim of this disease may die of 
a very trivial w-ound for it may be impossible to staunrli the bicctbng 
A person with this disease is known popuhrly as a bleeder Tbesuficrcrs 
are alvs-ays boys or men But though the disease appears only m the male 
members of a family, it is transmuted to the next generation only by the 
females For instance if a father is a bleeder, neither his sons nor hu 
daughters will have the disease His dausl'^en. nmerilicJess but not hu 
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sons may transmit it to their sons but not to their daughters, the latter, 
in turn, may again transmit it In brief the disease skips a generation 
the grandsons of a bleeder may be aflfected but not his sons daughters 
or granddaughters Color blindness and some other afllictions are inher 
iced in an identical ivay 


Son O 


Son O 


Bleeder Father 


Daughter T 

I ] 

Son B Daughter T 

Daughter T Son B Daugliter T 


B = bleeder O — not a bleeder T = tntttsniitter but not a bleeder 


HEMORRHAGE 

The escape of blood from the blood vessels from whatever cause, is 
spoken of as Iicmorrhage The blood may escape from the body, as after 
the infliction of an open wound that severs the blood \essels or it may 
pass into the tissues and so not be visible A cerebral hemonhage, for 
example, is the lesult of the rupture of a small sessel in the brain and 
the spilling of blood into the brain substance Or, the bleeding may occur 
into one of the hollow org-tns. sucli as the stomadi, in which case the 
blood IS usually somiied, or into the intestine Lastl) hemorrhage may 
occur into the lungs and the blood may then be coughed up Wien the 
blood appears upon the surface of any pan of the bod), the hemorrlnge 
IS called e^lertial \Vhen the blood enters the tissues or one of the body 
Canties, we speak of inler»<il or concealed, hemorrhage 

The bleeding may be from an artery, from capillaries or from a 
sein ^Vlien the bleeding is external, the type of vessel from which the 
blood escapes cut usually be determined easily, since the bleeding from 
each kind of \essel, as a rule, shows distinctue characteristics — but a 
descnptton of these must be posiponed uimjI the physiology of the cir 
culation has been desenbed (Part 4) 

■\Vhaie\er may be the cause of the hemorrhage, the effects upon the 
victim of the accident are the same provided the loss of blood from the 
vessels IS sulBcienily great and occurs rapidly, the general effects are not 
%ery different whether the hemorrhage is internal or external 

General effects of hemorrhoge 1 ct great drop tn the blood pressure 
occurs if a large quantity of blootl is lost wiilun a short time On the 
other hand, should the blcetling be slower a large quantiiy may be lost 
with but little drop m pressure It is easy to understand the reason for 
tins, wc know that if a water roam should biiist suddenly, the w-ater 
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pressure uoiiltl fall ser^ quicU). whereas a small leak in a waier piw 
SNOulcl cause liule change. Howescr. anemia ma) result from slou bleeiling 

2 The breathing and pulse rate become rapid, the increase in the 
pulse rate ts often a saluable sign of internal bleeilmg 

Unless the loss of blooiJ is aer> great, the IxkI) is able to overcome 
to a large extent these il! cifecis of hemorrhage An animal mq Jose a 
quarter of the total amount of hloot! m lU hotly and yet recover A man 
would probably survnve after the loss of a similar pn>|)oriion of his blood 
■^Vlien a vessel is opened, proteaue measures immedntely and auiomaii 
call) come into play Further hemorrliage »s checked, and an endeavor is 
made to use to best advantage ilie blootl that still remains Finally, the 
body stmes to replace the blood that has been lost 

Means employed by the body to check hemorrhage ond replace the blood 
I Closure of the wound in the vessel and the stoppage of further bleed 
ing IS aided fay the formation of a clot of blood The fall in blood pressure 
tliat occurs at this time enables the clot to form more easily In aihhiion 
the vessels channel becomes narTov\er, since the artery viall contains 
elastic fibers tliat shorten when cut, v\hilc the wall of the vessel nboui 
the rupture or cut contracts and the opposetl surfaces of the mner lining 
become stuck together 

2 The reduced <}uanttl) of blood folloning a sharp hcmonlngen 
used to the greatest possible advantage The small aricnes iit regions of 
the body such as the skin, muscles, etc, which are not vital imporiatice, 
are contracted In this vs*ay the smaller quantity of blood that remains » 
directevl to regions sucli as the heart muscle and vital parts of the brain 
These parts must, of course, be supplied with oxygen at all costs 

3 Contraction of the spleen may add a pint or more of blood to the 
general arculation to make up for that whicJi has been lost 

4 The blood vessels dnu upon the tissues to supply them v\uh fluid 
in sufficient volume to replace the lost blood Though the tissue fluid 
contains no red cells, it enables the vessels to be better filled, and so the 
blood pressure may rise again to near the normal level Due to altcrcil 
relationships betvvcen osmotic pressure and blood pressure (Cli- 1). the 
passage of fluid into the vessels from the tissues occurs withm a remark 
ably short time after the blood lias been shed IVhcn a pint or more 
blo^ IS removctl from a person for transfusion purposes, ibe lost fluid h 
replacctl within an hour or two The removal of water from ilic tissues 
accounts for the intense thirst from which the subjects of hemorrhage 
suffer The tissues including those of the mouth and salivary glandv. 
become drier than usual This arouses the sensation of thirst Thedrm*^ 
ing of fluids IS for this reason a valuable measure in aiding nature s cflotu 
lo restore the v olurae of the blood to normal 

5 The number of red cells is restored to normal as rapidly as l^w- 
siblc Since at first the blood volume is replenished to a large extent 
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tissue fluids the blood is nt this ttme poorer tlnn nonnal in red cells 
and thus is paler It may be se\eral days or ^eeks according to the recu 
peraiive powers of the indnidual the amount of blood lost diet etc 
before the number of red cells returns to nonnal * Tlie bone marrow 
inaeases its production and m its Inste to increase the red cell popula 
tion of die blood may in many cases turn out cells that are not quite 
mature Reticuloqies and e\en a few nucleated cells may for this reason 
be found in the blood stream » 

Artificial means employed lor the restoration of the blood volume alter 
hemorrhoge If the amount of blood that has been shed is so great tJiat 
the body is unable to meet the emeigency unaided some fluid must be 
injected into the patients aeins to act as a substitute for the lost blood 
The fluids that have been used for this purpose are the following 

1 Saline solution 

2 A solution of a suitable colloid material 

3 Human serum or plasma 

4 Human blood 

1 Saline solution is a 0 9 percent solution of sodium chloride (ordi 
nary salt) m sterile water It has been used extensively in the past but 
has not proved vet 7 successful Its shortcomings have been recognized 
Since 'World \Nar I The chief fault of saline is that it seeps through the 
thin membranous walls of the capillaries ami floods the tissues A short 
time after it has been injected the bloo<I volume is no greater than 
before The molecule of sodium chloride is too small to be held back by 
the capillary wall It exerts little or no osmotic pressure and conse 
quently cannot retain water within tliecirculauon 

2 Colloidal solulfons of nonhuman origin — gum acacia jsmgJass 
and gelatin etc. — have been tried as subsiiiuics for blood Of course 
such substitutes do not carry oxygen in any important amount since 
they do not contain red cells But in many instances of hemorrhage it is 
not necessary to replace the red cells for the body possesses many more 
than are absolutely required to sustain life A large quantity of blood 
can be removed from an animal by bleeding without causing death pro- 
inlcd ihat lire blooil yolnrne can be tjwcJfJy lolareii and Jbe Wood 
piessure raised to near the normal level This can be done with a cell 
free fluid having as osmotic pressure of nearly the same value as tint of 
plasma The same holds true for man The important thing is to restore 
the blood volume and thus raise the blood pressure (Fig 7 2) 

A solution in order to be a sunabJe blood siibsiitute must noi 
escape too freely from the circiihiion as saline does Its molecules should 

r It has been found tl at after <00 cc of blood base been drawn tor trai sfuslon pur 
p< ses oO to 60 days elapse before the numbtr of red cells r ii n s i n rmal C >od foo I 
iron a I an a Icquate s pj ly of viiam ns s ill ml cc il e l me requ red f r tl c 
rcstorati of il e nomnl eryil n cyieeoneei ttaiion 




F g 7 2 Record of ihe btood pre»ure of a do3 that w t bled fo Ihe ex 
ten} of So percent of fti lotof blood volume and then g ven a fromfus on 
vr ih a b^ereent jolut on of li nglau The blood presiure of O result of 
the loss of blood fell to the very low level of 20 mm Hg and Ihe on mol 
v*as on the po nt of deoth when /he t/omfus on Wo/ iforfed The t me from 
the commencement of ihe tronsfus on lo the po nt where the blood pressure 
woj restored fo normal woi obout 10 m nutes fjayhr end /doerehouseJ 

be as nearl) as possible t(ie sue of the molecules of ihc plasmt proicms 
ami cotjsetjijcuil) should even neirl) ilic same osmoiic prosurc. The 
solution should of course ha\e no tovic effect and cause no rtse in ictn 
peniure Isinglass preparcsl from the air bJaihJers of fish gcJaiin or 
dexiran (a carbohjdraie) ansners these rcqinrcinents most snnsftctonly 
m so far as artificial— that is nonhutnan— bfocwf suhsiiiutes ire con 
cerned These maieriab are used as 5 or 6-pcrccnt solutions in saline 
5 Human serum or ptasma from \olunnr} donors came inio exten 
site use during \VorUl ^\ar II After the blood has been drassn and 
allotted to clot (unless plasma is to be used) ii is ccnirdiiged to separate 
ihe serum ivhich is then dried in bottles under a high t-acuum The dry 
mass that remains consists of the proteins and salts and requires only the 
addition of distilled water to mal.e a fluid read) for use as a bIoo<l sub- 
stitute Human serum m the dry form has the great ndeannge that it 
can be shipped conscnienily and docs not deicnome esen after seseral 
months TJie process of preparation must of course be earned out under 
the most exacting conditions in order to ensure stenliiy hen plasma is 
used an anticoagulartt is add«l to the blowl before it ts centrifuged 
4 Human blood is olmously the ideal fluid for the rcpl iccment of 
the blood that his been lost for Ji furnishes ciyihrocyics in addition to 
restoring the solume of the blood In severe hemorrh igc or shock (Cb 
11) u IS superior to an) other transfusion fluid Ncvcrtlicless its use is 
accompanied fa) very grise danger lo ibt puient unless s;ccnl prerau 
tions are taken This danger lies m the fact that the mixing of the bloods 
of different individuals sometimes caused the red cells to mass together 
(Plate Id) This is sicken of as igglutmaiion Some of the small scssels 

the capillaries — have a sery fine caliber indeed 1 hey mav fac so narrow 

that they will permit the red cells to jms along only in single fdfi. It »* 
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easily seen, then, that if a number of <«lls become glued together into 
masses, the) will upon reaching tliese fine vessels block them and pre- 
vent a flow of blood through the regions these vessels normally supply 
Occlusion of tlie vessels of ilie brain heart or lungs in this vvav ma) 
cause almost instant death 

The agglutinated cells disintegrate and the hemoglobin which 
escapes into the plasma, is excreted by the kidney Being insoluble in the 
acid urine, it blocks and damages the fine tubules of the kidne) and thus 
brings unne formation to a standstill In many, if not in most instances 
this IS the cause of death following the transfusion of unsuitable blood 

Before the blood of one person (the donor) can be injecteil into the 
veins of another (the recipient), the bloods of the two individuals must 
be tested to see whether they react in the manner described above Sam 
pies of the two bloods are diluted with saline, they arc mixed together, 
and the mixture is examinetl under a microscope * If the corpuscles 
become agglutinated the donors blood is uiisuUable it is termed incom- 
patible Another individual whose blood is compatible must then be 
found who will offer his blood for transfusion 

The incompatibilii) of two blootls may even be detected with the 
naked e)e for, when the bloods arc mixed, if agglutination has occurred, 
the cells form groups large enough to be seen and appear like grams of 
cajenne pepper floating upon the surface of a clear fluid If the bloods 
are compatible this does not occur for the cells remain separate from 
one another and so cannot be seen b) the unaided e)e The mixture re- 
mains a uniformly clear, pinkish fluid just like any sample of diluted 
blood 

The bloods of all races of the world fall into four groups, according 
to their aggluiinaiing reactions The reaction relationships between the 
groups are rather complicated and can be toucJied upon onl) lightly 
The four groups are designated respectively, b) the letters O A, B and 
AB Nearly 90 percent of persons of European stock belong to either 
group O (45 percent) or group A (42 percent) , onl> 10 percent belong 
to group B and 3 percent to group AB The compaiibilit) or mcom 
paiibilitj of the blood of one group with the blood of any one of the 
other three has been studied exhaustively and is known in a general way 
Thus the blood of group A in the great majoriij of instances is com 
patible with the blood of group AB, but is incompatible vMth the blood 
of group B Also, group O blootl is compatible with the blood of any one 
of the other three groups That is to say, the blood of a person belonging 
to group O would not in most cases be agglutinated when transfused 
into a patient belonging to any of the other groups. For this reason 
members of group O have been called universal donors. It is never safe, 

*The most exact and safest method of testing ln«wn as cross mc/c/mg Is imially 
CTmc<l t ut It cons sis in mixing the d luted bkvid t ( the donor vmiIi the serum of 
the teupieni and then the dilmed blood of ibe leapicnt with the scrum of the donor 
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however to act upon this assumption for exceptions ocair and a dm 
gerous if not a fatal reaction may result Before transfusion the ii\o 
bloods (donors and recipiems) must be tested directly as mentioned 
abo\e 

The incompatibility of the bloods of tsvo persons belonging to ccr 
tain of the groups gnen abo\e is a type of antigen antibody reaction 
The corpuscles contain the antigen the antibody is contained in the 
serum (Ch 11) The latter being an agglutinating antibody is calletl an 
agglutinin the antigen is called an agglutinogen We maj also speak ol 
the agglutinin that agglutinates the corpuscles of group A as anti V and 
those that react with the cells of group B as anii B 

The reactions betsseen the corpuscles and sera of the four blood 
groups is shown m tabular form below 


Corpuscles , 

Serum 

\ ° 

A 

B 

AB 

O 

A 

+ 

- 

+ 

- 

B 


+ 

— 

1 — 

AB 

+ 

+ 

+ 
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+ means agglut notion; ~ means no ogglut notion 
The Rh factor Besides the antigens just described which are genenlly 
referred to as the ADO groups seteral others base been discoscrcd wiihm 
the last few years The most important of these is callctl the Rh fnetor 
from Its hating been dtscmcred in the blood of a species of monkey 
known as Rhesus whicli is used in laboratory experiments This mtigtn 
IS found in the blood of 85 percent of persons of Eurojican stock Blood 
that contains it is called Rh positive blood lint docs not possess this 
factor IS called Rh negatne The Rh factor has been the cause of many 
transfusion acadenis in the past Mhcn the history of tliesc accidents was 
studietl it became clear that Uicy had occurred either in persons who 
had received a transfusion some time before the one tint Ind caused the 
reaction or in women who had been recently delivered not infrctjucntly 
the baby was stillborn It wns also revealed that all the piticnts had 
Rli negative blood and that those of the first group had received tram 
fusions of Rh positive blood The first trainfusion had caiiscil the pro- 
duction in the patient $ scrum of an Rli antibody that destroyed the celli 
reccivet! m the second transfusion The reaction causetl when a woman 
recently confined is transfused is due to the baby being Rh positive 
(inlienteil from die father) and the mother Rh negative the fetus in the 
uterus has therefore iromunued dte mother against the Rlx antigen In 
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Fig 7 3 left, ihowtng Ihe formation of (he anh>Rh factor In the mofher'i bloocf (Rh*-) by 
antigen from fetus (Rh*!-), a reaction occurring when the mother U transfused with 
Rh+ blood, the anti Rh factor Is tronsmitted ocross the ptocento to fetol blood ond 
causes hemolysis. Right, showing the effect on mieeted cells of tronsfuiions of Rh+ blood 
Into an Rh~ patient {?) indicates a first blood tronsfuson of Rh+ blood info on 
Rh** patient, the anti Rh factor formed os a result couses o reaction (2) with cells of a 
second tronsfusion 

Other ^sords the htter has crossed the plicenta into the miiemal circu 
lation and caused the production of an antsbod) (anti Rh factor) that, 
if the mother should receive a transfusion of Rh positive blood, causes 
the destruction of the injected cells * Another damaging result of Rh 
incompatibility is the hitherto usually fatal disease of the blood of the 
unborn and newborn child known as Erythroblastosis fetalis, or hemo- 
lytic disease of the neivborn It is due to the anti Rh factor produced in 
the mothers blood having crossed the placenta to cause deslruaion of 
the fetal red cells This disease rarely occurs m a first pregnanq Appar 
endy, two or more pregnancies in v%hich this t)pe of incompatibility 
exists are required in order for a sufficient amount of antibody to be 
produced (Fig 7 3) 

CARBON MONOXIDE POISONING 

Hemoglobin combines with other gases besides o\)gen One of these 
IS coal gas, or carbon monoxide (CO), which is present as an impunt) 
in the ordinar) gas used for cooking and heating It is also given olT from 

* It will be recalled ihat though ihe fetal and inatema! blooiU do not mix an Inter 
change of certain material* occurs aero** llie placental membrane These substances 
include apparent]), fragments of Uie fetal corpuscles (antigen) and maiiriial anci 
bodies 
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the exhaust of an automobile engine. In a remarkably short time a suffi 
cient quantit) of the gas may be produced by an engine to render the 
air in a closed gange dcadl) poisonous 

Carbon monoxide is uorihless for Ining cells If part of the hemo- 
globin has already combined with tins gas the pigment then cannot 
combine svith as mucli ox)gen In other uords if the cargo space of the 
red cell is already partly occupied by the \aluelcss gas the cell is unable 
to take on a full load of oxygen Death Mill result when the oxygen load 
is reduced below what is necessary to keep the cells alnc A \ictim of 
carbon monoxide poisoning therefore dies because a hrge proportion 
of his blood has been rendered useless — just as surely as if it had escaped 
from the body through hemorrhage 

Thus carbon monoxide is a deadly poisonous gas because it presents 
the carnage of oxy gen to the tissues 

There are three other facts that make carbon monoxide dangerous 

1 Hemoglobin combines mucJi more easily uith carbon monoxide 
than svidi oxygen Should the blood be offered carbon monoxide and 
oxygen in equal amounts it mil combine nitb 2a0 pans of the lonner 
gasforesery I of the latter Consequently though the atr contains plenty 
of oxygen and only a small proportion of carbon monoxide the blood 
loads up Mith the latter gas Carbon monoxide has no smell taste or 
color It IS therefore impossible for anyone to detect it by ordinary means 

It was the practice in coal mines and during tunneling operations m 
World War I to use a canary or a mouse to reveal the presence of a dan 
gerous concentration of carbon monoxide If the air was contaminated 
by this gas the small animal owing to lu higher metabolism would 
succumb long before a man would be seriously nffcctcvl and in this way 
warning was giv en of the thngtr 

2 Carbon monoxide gas when it combines with hcmogtobm firms 
a compound tint unlike oxylitmoglobm is broken down again with the 
greatest difficulty That is ficniogfobm not only combines fcry readily 
with carbon monoxide but releases it again only very slowly Resuscita 
tion of a victim of carbon monoxide poisoning is for this raison >cr) 
thfficv)! even though artificiaj respiration is carrictl out in fresh air 

3 When the brain docs not receive enough oxygen the mind d^ 
velops strange ideas and notions that may lead a penon to perform 
foolish acts or become very stubborn and unreasonable. Tor this reason 
he may remain in an atmosphere containing carbon monoxide tl oiigli 
he knows the danger and might easily cscajic Later paralysis of Uic 
lower part of the body may ocnir and the victim is then unable to 
remove himself before unconsciousness supervenes 

•® Carbon monoxide al« po sons ptoloplaim d reeily bringing Unng ptwwc* to > 
tundnUL The conrentration of ihc jjat for thU action li much bighcr than Ibal 
required to cause death by combining will the hemoglob n 
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The Spleen. The White 
Blood Cells, or Leucocytes. 
The Platelets 


THE SPLEEN 

The spleen is an organ about the size of a man's fist, lying 
behind and belou the stomach (Rg 8 I) The blood is contained within 
a spongelike tissue called the splenic pulp into whidi the blood sessels, 
arterioles, and \enules open The fine interlacing partitions in the pulp 
0 / the spJetn are MJJed rrabccwJae This spongthke strvaure enabJes ibe 
organ to hold a relatively large quantity of blood — about one eighth of 
the total amount in the body The spleen is furnished with bands of 
smooth muscle that both cnarcic it and pass iluough its substance It 
also contains islands of tissue of the same structure and function as that 
composing the lymph nodes (CJi 10) 


Fig 8 1 The Visceral 
surfoce of the spleen, 
v/ith vessels leaving 
end entering the hilum 
Section of spleen on 
right, showing pulp of 
spleen and tribt/taries 
of splenic vein 
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Fig 8 7 Gtonf cell (macrophage) 
of the ipleen engulf ng a red cell 
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The functtons of the spleen ha\e been 
touclied upon incidentally in preceding 
pages, but some additional details may be 
given here The spleen contains certain 
very lai^ cells known as macrophages (Gk 
macros, large + phago. I eat) These cells 
tre among the most interesting m the body 
Unlike most other cells, they are capable 
of moving from place to place and appar 
enily live an independent existence They 
resemble the amoeba (Ch 2), they lurk in the pools of blood found 
throughout the spongelike substance of the spleen and are able to devour 
vvornout erythrocytes, microorganisms, or fine particles of almost any for 
eign material They arc about eight times the size of a red cell, so that any 
red cell that has become old or has lost its vitality falls prey to them 
readily (Fig 8 2) It is these cells that arc responsible for the removal 
of tlic fragments of broken-doun red cells from the arculation For tins 
reason the spleen is sometimes spoken of as the graveyard of the red cells 
There is no evidence tint the macrophages of the normally functioning 
spleen destroy young and healthy cells 

The spleen also senes as a rccepticle for a large quantity of blood, 
vvliicli has a high concentration of red cells In times of stress or emer 
gcncy, when the bod) requires a greater quantity of circulating fluid and 
a greater number of ery ihrocytes— at high temperatures, during muscular 
exercise, at high altitudes, or in cases of poisoning by such gases as carbon 
monoxide — the muscle fibers, with whicli the spleen is liberally supphevl, 
contract and force the extra blood into the general circulation, vcryraucli 
as fluid IS squeezed from a sponge (Fig 8 3) In this way, when the body 
is in urgent need of oxygen, millions of red cells, each with a full load 
of oxygen, come to its assistance 

In the embryo, crythroqies and all types of leucocytes are produced 
m the spleen, but after birtli the spleen, in health, manufactures only 
lyTnplioqtes 


Fig 8 3 Chongei in the volume of ihe spleen 
os a result of emotional excitement (Mer 
Borcfoft ) Left R rest; C, dog sees cot The 
numbers represent the relol ve sizes of the 
dog s spleen Right; — ■ — — , rest; , 

smellscat, ,hearscat n .seescct 

— — — , chases cat 
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WHITE BLOOD CELLS, OR LEUCOCYTES 

The while blood cells are la^r on the average than the red cells 
and differ from the latter in other v*a)s They possess a nucleus, the> 
contain no hemoglobin, and most of them can propel themselves from 
place to place The leucocjtes are much less numerous than the red cells 
Only about 8000 are contained in a cubic millimeter of blood, so they 
are outnumbered 600 to 1 by the red cells When a smear of blood is 
examined under the microscope, the white cells are seen sparse!) scat 
tered among the red cells The dilTerent varieties of white cells are shown 
m Plate Ila and Figure 8 4 



Fig 8 4 Blood cells. 


There are three mam types of these cells (1) poV^moTphonuclcars, 
or granulocylcs, (2) lymphocytes, nongranulnr leucocytes, or agranulo- 
cytcs, and (S) motiocytes All varieties of granulocjtes are produced in 
tlie red bone marrow only The lymphocytes are formed m lymphoid 
tissue — the lymph nodes, sjileen, etc 

Polymorphonuclears have a nucleus with from two to five parts 
(Fig 8 5). The nucleus resembles a skem of yam that has been twisted 
and bent so as to form knobs tailed lobes, connected by strands or 
threads The number of lobes increases as the cell becomes older In the 
youngest cells the division of the nucleus into two lolics is just com 
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menang A little later two lobes are clearly cMtlent In the next oldest 
cells three lobes ha\e de\eloped and so on until m the oldest cells the 
nucleus is comprised of fise lobes The ages of the cells as indicated h\ 
tile number of nuclear lobes are termed ilie stages of Arneih (Fig 8-1) 
The poljTOorphonuclears also differ from the l>-mphoc)ies m that their 
protoplasm is speckled with fine particles or granules They ire there 
fore known also as granulocytes According to the manner in winch these 
granules take up certain dyes three types may be recognized 
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1 Those containing granules that stain a siole: color ujth neutral 
dyes are called neutrophils 

2 Those iitth granules that statn red wtth acid dyes suclt as cosin 
are called eosinophils (Plate Ila) 

5 Those uith granules that statn blue with basic dyes are known as 
basophils 

The neutrophils are by far the most numerous constituting from 
65 to 70 percent of all the white cells The eosinophils and basophils 
are aery fesv in number the former constituting no more than 3 or 1 per 
cent of the white cells and the latter 0 5 jiercent 

Lymphocytes base a single large nucJciis surrounded by a narrow 
rim of cytoplasm They arc about the size of an erythrocyte or a little 
larger and consiiiute around 2o percent of all the white cells \ large 
mononuclear nongranular white cell called at one time iltc large lymplo- 
cyte IS really a lymplioblast that is a young or primitne lymphocyte 
It IS found m the fymphoid assties but rarely in normal blood 

An increase in the number of lymphocytes (lymphocytosis) often 
accompanies chronic infections They arc also rncrcasetl in the diseaie 
known as tnfeettous mononucleosiz A decrease m the number of ihwe 
cells in the cirailanon is cnfled lymphopenia It occurs in pneumortta 
and certain other acute infections 

"Monocytes are large cells very much resembling tlie lympbobfasts 
Their nucleus is usually deeply indentetl or ho“seshoc shaped and their 
cytoplasm contains very fine granules They are found only m small 
numbers m blood — about 8 jicrccnt of all white cells. They like the 
neutrophil leucocytes are phagocytic, though they arc more active in 
clironic than in acute inflammatory processes 
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An increase of the leucocytes abote the normal number is called 
leucocytosis, which maj be caused b> any acute inHammatory condition, 
espeaaJly if septic in nature In appendicm, for example, a count of the 
leucocytes is an important diagnostic aid 

Wliereas leucoqtosis is a normal defense reaction, leukemia is a 
malignant increase, often enonnous (up to o\er 500,000 per cu mm) , m 
the number of leucocytes It is really a sarcoma of the leucocyte forming 
tissues (bone marrow or lymphoid structures) The disease may imohe 
the granulocytes (myelogenotts leuAemia), the lymphocytes (lymphatic 
leukemia), or the monocytes (monocytic leukemia) Not only is there a 
great increase in the number of white cells but they are abnormal being 
of a primitne type that is, in an early stage of their development 

Not only bacteria but also many materials that the body is better 
without — any useless refuse — are devoured and removed by the neutro- 
phils When for instance the tad and gills ol the tadpole disappeai as 
It develops into a frog die neuirophyl leucocytes are responsible for the 
remm-a! of these structures which 
are of no further use It is in 
this way also that dead tissue — 
even diseased bone — is separated 
from the living or a dead tooth 
loosened These cells therefore 
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Certain synthetic drugs used in mediane sometimes cause a disease 
known as agranulocytosis (meaning the absence, or great reduction in 
number, of granulocytes) TJie disease is usually fatal because the body 
IS unable to defend itself eHeciively against virulent microorganisms 
Some of the drugs that cause agranulocytosis are of the greatest value m 
the treatment of disease but this unfortunate action that they sometimes 


exert must always be borne in mind 

The functions of the leucocytes The neutrophils very miidi resemble 
the amoeba described in Chapter 2 Like the microscopic animal found 
in ponds or ditch water, these white cells of the blood can move from 
place to place They wander about They arc not confined vMthin the 
blood vesseb, but leave the circulation through the joints between the 
endothelial cells of the capillary walls — an action called diopedests — and 
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move freely through the body fluids to any point to which by some un 
known influence they may be attracted They protrude like the amoeba 
a small part of their substance and wiUi this as though it %\ere a tongue 

hand or foot they seize food or draw themsehes along These prehensile 

or locomotory parts improvised at the moment are called pseudouodia 
(Gk false foot) ^ 
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This propensity of the neutrophil leucocytes can be readily demon 
strated by injecting a solution of fine parades into the sub^taneous 
tissues of a laboratory animal If a uaiery suspension of finely ground 
charcoal is injected and the tissue examined a short time later a sivam 
of neutrophils will be found collected at the point of injection Moving 
about here and there they ingest the carbon grams unijJ iheir c) toplasm 
is filled with them This activity of the neutrophils makes them of tl e 
greatest \alue to the body They defend it from the attacks of germs and 
materials injurious to the other cells which are not nearly so well able to 
protect themselves 

The Russian scientist Metchnikoff disa>\ered the action of the neu 
trophils about 70 years ago and wrote vivid descriptions of what he saw 
under the microscope when they were carrying out their work He drove 
a small rose thorn beneath the skin of a young starfish Next day he 
observed that the sharp point of the rose thorn vvas surrounded by large 
numbers of leucocytes 

Exactly the same thing happens when a splinter runs into ones 
finger The white cells are attracted to the spot and devour any bacteria 
that have been carried into the tissue the splinter is dislodgerl by th^ 
removal of injured tissue surrounding it (Fig 8 7) When microorgan 
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isms pass through the barrier of the sVm and enter the deeper tissues an 
alarm m some mjstenous w\y is sounded instantly throughout the body 
Millions of white cells uhicli base been hidden away like troops in 
reserve are rushed to the threatened spot They vigorously attack the 
bacteria (Fig 8 8) and though la^ numbers of the invaders are de 
stroyed many leucocytes too fall victims to the deadly bacterial tovins 
The mixture of dead leucocytes fluids and bactena together form a 
yellowish matter that is generally known as pus The area hollowed out 
of the tissue and filled with this material is called an abscess The number 
of white cells in the blood at this time may be 20 000 or 50 000 instead 
of the normal of 7000 or 8000 If it were not for tlie large numbers of 
leucocytes that surround an infected area living germs would soon enter 
the blood blood poisoning (sepucemta) would result Life or death is 
very often decided by the viay in which these leucoqtes do their work 
The lymphocytes are the source of the gamma globulin of the blood 
plasma that is closely associated with the production of various anti 
bodies and is therefore of great importance in the development of immu 
niiy against bacterial and viral infections The plasma globulin is pro- 
duced directly from the substance of the lymphocytes Their cytoplasm 
dissolves into the tissue fluids and eventually is taken up by the blood 
plasma This process of serum globulin production through lymphocyte 
dissolution IS under the influence of the hormone of the adrenal cortex 
An injection of the hormone causes an increase in gamma globulin and 
antibody production and a decrease in the number of circulating lym 
phocytes It also causes a pronounced reduction in the number of circu 
iating eosinophils (eosinopema) Little is known of the function of the 
eosinophils but they are increased in number in certain diseases notably 
allergic states sucli as asthma and in infestation witii intestinal worms 
and some other parasitic affections 


BLOOD PLATELETS 

The blood phieleis are small flit colorless cells or cell like struc 
tures* about half the size of a red corpuscle They number about 2o0 000 
per cu mm of bood (Pines le and Ifn) They arc important elements in 
the blood-clotimg process (Ch 7) It is generally believed that the 
plaieleis aie formed in the icd bone marrow 


» Not aJJ a iihoni cs are agmU co» «n» ng t» e prec w ongin of il c ptatcl is. 
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The Extravascular Fluids, 
The Lymphatic System 


EXTRACELLULAR AND INTRACELLUUR FLUID 

The (luid l>ing outside the blood sessels is colorless since 
It does not conuin hemoglobin and for the most part contains no cells 
It lies in the spaces beu^een the tissue cells — the so called tissue spaces^ 
and in the serous cavities (pleural and peritoneal cavities pericardial 
sac) It includes as tvell (he cerebrospinal fluid within the skull and 
spwal canal and the iluid known as l}'mph contained within the lym 
phauc s)stem The extra\ascular fluid in these situations is called extra 
cellular for a still larger amount of ivater is contained within the tissue 
cells This is called the intracellular fluid The blood plasma of course 
IS also extracellular 

All these fluids consist mainl) of water and it is usual to speak of 
them as extracellular or intracellular svatcr They vary somew hat m cam 
position in different situations The fluid of the tissue spaces (the tissue 
or mtecstttial fluid) ts fluid that has filtered ftoni the blood plasma 
through the capillary wall It therefore closel> resembles the plasma m 
Its composition but it has a much lower concentration tn protein The 
lymph drained from the tissue spaces is identical in composition with 
the tissue fluid whereas the I)Tnph in the lymphatics of the abdomen 
(thoraac duct) usually amtams a considerable quantity of fait) matenal 

The animal hod) is composed largely of water the total ivater of the 
body amounts to about 70 percent of its total weight This total bod) 
water which is the ssater of (he blood plus the extravascular W’ater (evtra 
cellular and intracellular) can be measured in the human subject b) 
injecting intravenously a substance that mixes with or is dissolved in ilie 

178 
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water throughout the bod) and that can be detected in a sample of blood 
drawn shortly after the injection and analyzed From the d^ree of dilu 
tion of the injected substance m the sample the total body tvater can be 
readil) calculated If one ish« to know separately the amounts of intra 
cellular and of extracellular water a substance is injected that is dis 
solved m and uniformly distributed throughout the extracellular water of 
the body but does not enter t/ie cells The figure lor the amount of 
extracelfular water subtractetl from that of the total water gues the 
volume of the intracellular water 

Normal values The partitions of the body water and their values as 
percentages of the bod) weight are shown in Figure 9 1 

Water balance The values for the body water and its several di\i 
sions remain remarkably constant m 
the healthy adult This depends upon 
a nice balance of the water intake and 
output During growth however or 
during a penoil of conialesceiice from 
an illness when new tissue is being 
formed or tissue is being repaired and 
the hotly weight is increasing water is 
retained that is the output of water 
1$ less than the intake This is because 
a large volume of water is laid down 
wiili the protein of the newly formed 
tissue and for purposes incident to the 
increase in die sue of the body 

The water intake ^^ate^ is taken into the bod) in food and drink 
The former either sol d or semtsolid supplies liie body with a consid 
erable quantity of water Lean beef yields a relatively large amount of 
water as does also carbohydrate though apjiarently dry Of the three 
foodstulfs only pure fat such as butter is almost or quite devoid of 
water But paradoxicall) pure fat supplies mudi more water to the body 
than pure protein (raw meat is 25 percent protein and 75 percent water) 
or pure perfectly dry starch The v»ateroE pure protein or starch though 
not present in these substances themselves ts formed when they are 
metabolized in the body This is called the water of metabolism It j$ 
explained in Chapter 28 that the oxidation of the carbon of the food 
produces carbon dioxide (CO ) while oxidation of the h)drogen yields 
water (H O) Thus 100 grams of fat v hen oxidized m the body pro- 
duce 107 grams of \ ater and in the metabolism of the same amount of 
pure starch or protein 41 and 55 grams of water respectively are formed 
From an ordinary mixetl meal the bod) derives daily about 350 grams of 
water from the oxidation of the footlstufis 

The lotaf daily water intake from aff sources averages about 2500 cc. 
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Only about 1000 cc of this is lalen as pure water or as beverages such as 
coffee, tea milk beer etc 

The water output In order that the water balance be maintained the 
output of ssater must of course exactly equal the intake This extremely 
nice adjustment is dependent Jaigely upon the sense of thirst, which 
regulates the intake The svater output by the seseral routes is given in 
die following table The output is also regulated through the posterior 
lobe of the pituitary gland 


cc 

Skin (loss by svseittng or cvapomtion of water) 500 

Expired air (tliat is saturated witli water) 350 

Urine 1500 

Feces 150 


Total 


These values are for a normal bo<Iy temperature and average air 
temperature and humidity In hot climates the water loss from the skin 
and lungs may be several times greater than the average figure given 
reaclung in extremely high temperatures several liters daily 

Dehydration Reduction of the total body water below the normal 
level IS called dehydration It may bedue to the following 

1 The smple dcpuvalton of ualer as in persons shipwrecked or 
lost m an and country or to the refusal to drink as in the insane 

2 The excessive loss of ualer from the body, as in severe diarrhea or 
vomiting or to high fever in which the loss through skin and lungs is 
excessive and the patient too v%eak to drink sufficient v\aier> hts ncetl 
being not recognized by his attendants 

3 The depletion of sail and the subsequent loss of waiter Fluid can 
be retained in the body only as an isotonic soluuon (Ch. I) , that is its 
osmotic pressure due to dissolved salts must be the same as that of the 
plasma neither higher nor lower Consequently jf substances (electro- 
lytes) are lost from the body water must be excreted as well in order 
that the body fluids shall remain isotonic Dehydration from this caiis^ 
sometimes called secondary dehydration because water is lost secondarily 
as a result of the loss of electrolytes may result from the removal of nor 
mal secretions in excessive amounts or following repeated injections of 
glucose solution electrolytes then being leached as it were from the 
body 


THE LYMPHATIC SYSTEM 

The lymph vessels, or lymphatics commence at the penjihery as a 
close network of very fine vessels (Figs 9 2 9 3) They drain away die 
fluid that has passed through the walls of the capillaries into the spaces 
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of ihe tissues The nature of this Ouid — the lymph — contained in the 
lymphatic sjstem has been described 

Traced centrill) (that is. toward the root of the neck), the Ijmph 
\essels increase progressnely m size through the conHuence of the smaller 
lymph channels They are not smooth like the arteries and \eins but 
hate a nodular appearance due to the presence of constrictions at regular 
interaals along their course The constrictions are due to the attachment 
of tahes on the interior of the walls of the \essels that direct the flow of 
lymph The lymph aessels are disposed in a superficial and a deep set, in 
the neck and limbs the former run with the superficial aems the latter 
with the mam aessels and nerves In the abdomen and pelvis they are in 
close relation to the aorta and its branches 
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Onl) a few of the largest of the Ij-mphatics Iiaxe been gisen speafic 
names the two main sessels are called the thoracic duct and die right 
lympf alic duct 

The thoracic duct commences m the lower part of the abdomen m 
a saclike enlargement called the cuterna chylt situated at the lesel of the 
upper two lumbar vertebrae and on the right side of the ab lorainal 
aorta The lymphatic trunk then ascends through the abdomen and 
thorax to the junction of the left internal jugular and subclasian s-eins 
(Fig 9 3) Its contents are thus returned to the blood The thoracic duct 
recedes tributaries from both lower limbs abdomen left half of the 
thorax left upper limb and left halt of the head and neck In the abdo- 
men this vessel receives Ijmph from the intestines and Iner as well as 
from other abdominal viscera a certain proportion of digested fat which 
IS not absorbed directly into the blood (portal system) passes into the 
Ijmph of the ihoraac duct the Ijmph m this situation is more usually 
however referred to as chyle It is turbid or milky m appearance after a 
meal containing mudi fat The fine lymph vessels of the intestinal vilh 
(Ch 27) are called lacteals (L. lac milk) from the milky appearance of 
their contents 

The right Ijmphatic duct drains lymph from that part of the body 
not tnbucary to the thoracic duct namelj the right side of the head and 
neck, the right upper hmb and the right side of the thoracic wall This 
vessel runs downwards in the lower part of the neck and empties into 
the blood stream at the point where the right internal jugular vein joins 
the nghc subclavian vein 

The lymph nodes which arc sometimes though less suitably called 
lymph glands are almond or bean shaped structures situated at strategic 
points in the course of the Ij-mph vessels In two situations especiall) the 
lymph nodes can be readily felt in die health} subject — ^above the inner 
cond>le of the humerus and in the groin But nodes are to be found in 
groups or chains m all parts of the bod) in the coune of the lymphaucs 
draining the various organs and areas for example running down the 
neck below the lower jaw at the nape of the neck above the clavicle in 
the wxvlla Kv the thorax vrv the abdumeu and pelvis a.nd behind the 
knee They are too numerous to describe in detail but are shown in 
figures 9 2 and 9 3 

Structure of the lymph vessels and lymph nodes The vs alls of the large 
lymph vessels consist of tliree coals an external of connective tissue a 
middle of smooth muscle and an inner of a single la)er«f endothelial 
cells The medium sized vessels have no middle coat and the finest veseh 
— the lymph capillaries — are composed of endothelium alone the con 
tmuation of the inner coat of the larger vessels 

The lymph nodes have a slight depression on one side calletl the 
hiium, where the l)mph vessels leave and blood vessels and nerves enter 
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or Iea\e Withm the node is a mesfiuork of connecme tissue tnbeculae, 
the spaces of tshtch are filled Hiih masses of densely picked lymphocytes 
(Fig 9 4) Such lymphoid tissue, as it is called, ts not peculiar to the 
lymph nodes but is found also tn other situations, such as the thymus, 
spleen, tonsils, and adenoids (tn the nasopliarynx) . and in the intestine 
The collections of l)mphoiil tissue in lite tntestinaf uall are known as 
lymphatic nodules 

After passing through the mesh of a lynipli node, the lymph is col 
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Fig 9^ Dagram of lymph node sectaned to »how inlernol itrvctvre; one 
area free of lymphocyte* to thew lymph ipeee* 

lected again by a number of l)-niph channels that spnng from the con 
\e.sjt) of the node and there join to reform the IjTOphatic trunk. 

Function* of the lymph node*. The lymph notles perform three highly 
important functions 1 They act as filters of the lymph in its coune 
from the s'anous organs and tissues to the point sshere it is returned to 
the blood. Any pariiailaie matter, ssluch includes microorganisms « 
caught and held in the nodes and thus prevented from entering the blood 
stream If it t\erc not for these filters general infeciion of the blood by 
pathogenic bacteria would be of common occurrence ^\hen the foot 
or any part of the lower limb or genitalia becomes infected the nodes 
m the groin become sv^ollen and tender, due to the localization there of 
the infecting otganism If the hand or arm is the seat of an infection or 
the scalp or neck, the nodes at the elbow and asilla jn the former m 
stance and those down the neck in the latter, mav be involvetl similarly 
Within Uie nodes the bactena are attacked and destroyed by large 
phagocytic «IIs (Ch 8) The lymph nodes therefore, must be looked 
upon as important elements of defense against the invasion of the blood 
by bactena traveling the lymphatic paths This function constitutes a 
second defense line, the leucocytes at the actual sue of infection usual!) 
bearing the first shock, of the attack. 

2. The production of lymphocytes A\Ttereas the red marrow of the 
bones produces the red cells of the blood and the granular leucocyies. 
the lymphocy tes are formed in the lymph nodes 
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Funel OM of the lymph nodes The lymph nosles perform three highly 
important functions 1 They act as filters of the lymph in its coiine 
from the mnoiis organs and (issues to the point wliere it is returned to 
the blood Any particulate matter uhich includes microorganisms is 
caught and held in the nodes and thus presenied from entering the blood 
stream If it nere not for these niters general infection of the blood by 
pathogenic bacteria s ould be of common occurrence When the foot 
or any part of the lower limb or genitalia becomes infecied the nodes 
in the groin become swollen and tender due to the localization there of 
the infecting organism If the Iiand or arm is the scat of an infection or 
the scalp or neck the nodes at the elbow and axilla in the former in 
stance and Uiose down the neck m tlie latter may be imolied similarly 

WTthm the nodes the bacteria are attacked and destroyed by laige 
phagocytic cells (Ch 8) The lymph nodes therefore must be looked 
upon as important elemcnu of defense against the invasion of the blood 
by bacteria traieling the lymphatic paths This function constitutes a 
second defense line the leucocytes at the actual sue of infection usually 
bearing the first shock of the attack. 

2 The production of lymphocytes W'hcreas the red mirrow of the 
bones produces the red cells of the blood and the granular leucocytes 
the lymphocyfies are formed in the lymph nodes 
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3 The pToduclieri of plasma protein Through the disintcgraiiou 
and dissolution of the Jytnphocjtes which the) contiin m hrge numbers 
the lymph nodes produce plasma globulin This jiroiein of the plasma 
IS closely associated with the iRitnune bodies ^antibodies) through svhich 
bacteria and ilieir toxic products are destiojed and aniidoted The dis 
integration of the lymphocytes within the lymph nodes and the produc 
tion of antibodies appear to be controlled by the adrenocorticotrophic 
hormone of the pituitary body (Ch 39) This immuitirmg lunaion of 
the l)mph nodes constitutes a third line of defense against infectne 
agents 

The last ttso functions are not confined to the lymph nodes the 
nodes possess these two functions because they are composed of Ijmphoid 
tissue The manufacture of plasma globulin and of lymphocytes are func 
uons of lymphoid tissue in general 
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Reaction is a tenn that is used by the chemist m referring 
to the acid or alkaline nature of any solution (Ch 1) A solution of 
sodium bicarbonate (baking soda) for example has an alkaline reac 
tion acetic acid (sinegar) has an aad reaction The reaction of the blood 
and tissue fluids is ueakly alkaline. They Jiase a pH around 7 45 
We hear much these days of an acid condition of the system 
aadosts acid blood and so on The patent medicine advertisers 
speak glibly of such conditions without having any clear idea of what 
they are saying It cannot be stated too definitely that the blood never 
becomes aad except rarely in certain diseases when death is only a fevs 
hours away Even then the pH falls only a little bclowr 7 00 the neutral 
point 

With two exceptions no fluid or tissue of the body is ever aad in 
reaction The exceptions are the lining of the healthy stomach dunng 
the secretion of gastric juice at whidi time the cells of the gastric glands 
have an aad reaction and the fluid within the tubules of the kidney 
But gastric digestion and the formation of urine aie very speaahzed proc 
esses and in so far as reaction is concerned the stomach and kidney arc 
in a diflercnt class from other organs In health the reaction of the blood 
remains remarkably constant at about pH 7 13 and only in very serious 
disease docs it become less alkaline 

\ei acids are continuously being formctl in our bodies. Carbon 
dioxide whicli is produced m the tissues by the burning of foodstulTs 
acts when dissolved in the blood as a weak acid (carbonic acid) Lactic 
acid — an aad almost the same as that found in sour milk — is produced 
186 
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in the muscles when ihej contract and in other acme tissues Large 
amounts of both carbonic and lactic acids are formed during musailar 
exercise but unless the exercise is sery sesere tlie acid is quick!) neutral 
ized or remosed — almost as soon as it is produced Small amounts of 
h)drochlonc sulfuric and other strong aads ire being formed at all 
times in other active tissues Consequent!), the blood and tissues arc 
ahva)s being threatened with having their reaction dianged to aad but 
as a result of other cliemical dianges that neutralize these aads imme 
diatel) no alteration of the blood reaction aciuill) occurs 

Jn the first place carbon dioxide since it is a gas is quicklj elimi 
nated from the body in the breath Weal! know how one puffs and pants 
after muscular exerase Lactic acid and other aads that cannot be got 
nd of as gas are neutralized m the blood and tissue fluids both of winch 
contain a fairl) lat^e 'iraount of sodium bicarbonate Any aad such as hy 
drochloric, tartaric, or lactic v>hen it conies into contact with sodium bicar 
hoiiate is neutralized and at (he same time that neutralization occurs 
carbon dioxide is formed The carbon dioxitle evolved m the body by 
the action of aads upon sodium bicarbonate just like the carbon dioxide 
produced when the foodstuffs are oxidized (Ch 28) , stimulates the 
respirations (Ch 21) and is dius readily eliminated from the body 

The reaction between hctic acid and sodium bicarbonate is shown 
below The neutral sodium laciatc that results is removed by the kidneys 
Thus 

sodium bicarbonate + lactic acid = orbon dioxide + sodium lactate 
(rrmoicit b> lui (nm vrU bv LiJiirp) 

The kidneys remove other acids from the body as well The blood 
coming to the kidneys is alkaline but the urine v\hich i$ derived from 
die plasma by filtration (Cii 32), is acid The kidney retains base and 
exaeies acid and so aids in preserving the alkaline reaciton of the body 
fluids Tills IS a most important function of the kidney, and one that is 
gravely impaired in severe kidney disease 

The alkali reserve The alkaline substances in the blood and other 
body fluids cJiiefly sodium bicarbonate that serve to buffer acids and 
maintain the nonnal pH of these fluids is called the alkali reserve In 
conditions in whicli there is an excessive production of aads such as 
diabetes and nephritis the alkali reserve is reduced In other states such 
as persistent vomiting (loss of hvdrodilonc acid) the alkali reserve is 
increased \ fall m the alkali reserve is called acidosis a rise alkalosis 
There is no similar cliange in the reaction of die body fluids owing to 
the buffering action of the alkali reserve But should this reserve be 
reduced to the vanishing point the pH falls the condition then iscallevl 
acidemia If a great increase m bicarbonne occurs die pH of the body 
fluids rises the term alkalemia » dieit applied 
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Defensive Mechanisms 
Against Disease. Chemotherapy. 
Antibiotics. Surgical Shock. 
Anaphylaxis and Allergy 


INPEaiNG AGENTS 

Man animals and plants are constantly liable to attack by 
many lower forms of life — namely bacteria fungi or molds (winch 
niisc rinppNOrm and other affections of the skin) and protozoa These 
latter are the infecting organisms in some of the most virulent of human dis 
eases such ns rnn/nrin anoel/ic dysenter} /Jfnean sleeping sickness etc 
Bnctcria and fungi belong to lower orders of the vegetable kingdom 
Protozoa nrc unicellular animal forms (Fig II 1} 

The viruses another large group of infecting agents arc the cause 
of n number of V cll known diseases siicli as rneajfej tiiwnfs chekenpox 
shingles (/ler/er ^oster) mfluenjt one type of pneumonia onterior 
poltomyclfiis (infantile para/ysts) mbtes fstttncosis (a disease of parrofs 
and allied species imnsmissibic to man) and the common cold Thq are 
also responsible for several diseases of plants and even attack bicicria 
It IS the general opinion that viiuscs arc not living bodies but im 
mense molecules or groups of molecules of nucicoprotem on the border 
line between the animate and the inanimate worlds Though viruses 
vary considerably in size they arc all smaller than the smallest of the 
bacteria that thev sometimes infect ami destroy being then known as 
bneteriopl age Most viruses arc invisible under the ordinary microscojic, 
but show up as ov al or round bodies under the electron micro cope 1 hey 
IBS 
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pass through a fine filter and are therefore usually referred to as the 
filterable viruses. Viruses have one property in common 'vith living 
organisms; they are capable of growth. But unlike bacteria they cannot 
be cuUuretl apart from liting cells; the hen's egg is the usual medmm 
employed for this purpose. The intensely Mfulcni natuic of these bodies 
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IS esiilent from the fact that in the case of one at least the particular 
disease of which it is the cause can be transmuted by as small an amount 
as 1 cc of a solution containing it m a dilution of only 1 part in 10 billion 
The types of bacteria aie innumerable but fortunatelv onl) a small 
proportion cause disease Also only a relatuelj few kinds of fungi and 
protozoa threaten man or animals Seteral bactenal forms are actually 
beneficial to man and some are c\eii essential for human welfare Those 
for example that inhabit the intestinal tract effect the final breakdown 
of food material with the formation of gas that together with the bulk 
the bacteria ihemsehes add to the feces stimulates the bowel rnosements 
Other bactenal forms present in the intestine are capable of synthesizing 
several factors of the vitamin B complex as viell as vitamm K* From 
others again and from molds anti infective substances of various kinds 
have been isolated (p 197) 

Bacterial forms The commoner types of disease producing (patho- 
genic) bacteria can be classified on the basis of their microscopical 
ajipearances into four mam groups cocci (smg coccus) bacilli (sing 
baciUus) spirilla (smg sjnnllum) and spirochetes (Fig 111) 

The COCCI are dotlike bodies that appear singly m patrs (Diplo- 
coccus a species of winch causes lobar pneumonia) in clumps like 
grapes (Straphylococcus) or m chains (Streptococcus) These last two 
types are the cause of acute pyogenic inflammatory conditions One strain 
of Streptococcus is the cause of scarlet fever 

The bacilli are rod shapetl organisms some examples are the 
typhoid tetanus and dip/it/ierm bacilli and the hifierc/e &aci//us 

Spirilla are slender organisms | ossess ng a shape like the shaft of a 
corkscretv 

The spirochetes one genus of whicli is the cause of syphilis have 
a slender spiral structure 

Reactions of the tissues to Infecting ogents 

A pathogenic organism or virus shows as a rule a highly selective 
action vvith respect to the tissue that it or its toxin injures and the symp 
toms chiTacttrvs.tvc o5 the vivseast vt causes ace the maewfestatvons or the 
results of such injury, or represent the reacuon of the tissue cells to 
invasion by the particular type of microoiganisra or virus The toxin of 
the tetanus bacillus for example singles out nervous structures lowering 
the resistance at synaptic junctions so that a relatively mild stimulus 
— a mere touch a fame sound or a light — may cause widespread mus- 
cular responses The viruses of rabies and anterior poliomyelitis also 

1 It somet incs happens that a patient ncnving an ant bacicHal agent ( mlta drug 
( r ant 1) otic sec below) cspeaall^ i*I en given b) ntouiii dctclnps a defcicnc) in a 
certain vitamin or vitami is as a result of ti c destruction of intesiinal bacteria 
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direct iheir attack to the central nervous s)siem, die former injuring 
iiene centers in the brain the latter destroying cliieflv the motor cells 
of the spinal cord The typhoid baallus directs its mam attack to the 
mucous membrane of the small miestme, the tubercle bacillus hid a 
predilection cliiefly for pulmonary, bone, and joint tissues (though al 
most any tissue may be attacked) The bacteria of general septic mfec 
tions, the staphylococci and streptococci show much less selectivity of 
action, for they may cause an inflammatory condition in any tissue (see 
also p I7S) The spirodieie of syphilis is also devoid of selective action, 
skin, bone, nervous, or any other tissue may be attacketl The reactions of 
the tissues it attacks are, however, as are also those of the tubercle bacillus, 
quite characteristic The infected tissues react to both of these types by 
attracting small round cells, mostly lymphocytes, which form masses 
around the invading organism Thus a tubercle is formed in the case 
of tuberculosis, or a tumorhke structure called a gumma if spirochetes 
are the invading organisms 

The processes of immunity The body is capable of putting up a defense 
that IS in pan or entirely successful against the inroads of most of the 
bacteria and viruses The protection when it develops fully is called 
immunity. One who has suffered from an attack of smallpox, for exam 
pie, cannot (except, perhaps m the rarest instance) coniraa the disease 
again ^Vith respect to that partiailar disease he is immune Vaccination 
also confers immunity against smallpox. 

The defenses of the body against the various disease producing 
(pathogenic) oi^iiisms depend upon the activity of living cells Cells 
such as the neutrophil jiolymorphoniiclear leucocytes and certain v%an 
dering cells of the reiiculo-endotliehal system exert their protective 
action in an obvious overt, or. one might say, mechanical way they 
ingest the bacteria The phagocytic projicriy of the neutropliil leucocytes 
has already been described in Chapter 8 The immunity tliai the leuco- 
cytes confer is nonspecific, for they attack various types of bacteria indis 
crimimlely, though they are particularly active against the pus-prodiicing 
(pyogenic) forms Other cells of the body, esjieciaUy the lymphocytes in 
the lymphoid tissue generally, throughout the body, produce and liberate 
chemical substances, closely associated with the globulin of the plasma 
that hive a specific neutralizing or destructive action upon the agent 
causing the disease These substances, wliidi go under the generic term 
antibodies, are, ns it were, made to order, each for protection ngainsl 
only one pathogenic ngenl Thus tlie antibody that is responsible for 
immunity against smallpox is inactive against measles or any other mfec 
tious disease 1 here are several types of antibody, namely antitoxins that 
combine vvnh and neutralize the baaenal poison, a substance generally 
called a toxin Others, called cytolysms or bncteriolysins, destrov the for 
cign cell Itself, to this group belong the specific hemolysins (Ch 7) which 
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cause the desiniciion of the red cells of one species when injected into 
the blood of another Agglutinins wiUi which we are familiar they ha\ 
mg been also referred to in connection with the blood groups (Ch 7) 
render bacteria innocuous by clumping them together m a mass Agglu 
tmms are produced in the blood of a patient suffering from typhoid 
feier Some precipitms form an insoluble compound ^suh the bacterial 
toxin and with foreign proteins * 

The foreign agent — whether a red cell in incompatible blood a 
tissue cell of another speaes a bacterial cell or a sirus — that stimulates 
the tissue cells of the host (that is of the infected person or animal) to 
produce the antibody is called an antigen (CL anti against + Gk root 
gen to form or produce) The response of the tissues of the host to the 
antigen and the production of the antibody together with the reaction 
between the two is called the antibody antigen reaction Paul Ehrlich 
of Berlin (1854 1815) many years ago sought to explain this reaction 
and the immunity it conferred by whai has come to be Lnotm as Ehrlich s 
side-chain theory of immunity (Figs 112 US) Thus m the case of 

Tg 1L2 Dog am Iluitrot ng tht pro- 
duct an of ent toxin eeeerd ng to Ehr 
Ich* sd»<hcin theoiy ^ stexni 
block ioxephe e group; blank elrcl* 
boptephore g oup ^J^sracepten or 
bopt nj ©f bod/ cell thof |0 n w ih the 
hoptopho e 9 ©up ef th» toxin end 
through wh ch th© latter exerts Its harm 
ful effect upon the cell Under the st mulus ©f the tox n (ont gen) receptors ore produced 
n excess and escap ng nto the generol blood st eom const lute the ant tox n 

immunity due to an antitoxin he concened that the protoplasm of the 
tissue cells stimuJiied by the antigen formed and put forth acme chem 
leal groups or side chains called receptors or haptins these combined 
1 Tth the bacterial toxin and be ng thus linked to the tissue cells brought 
about tlie injury characteristic of the disease But the tissue cells pro- 
duced an excess of such receptors ^ hicli becoming detached passed into 
the general circulation where they comb ned i ith toxin before it could 
reach and damage the cells These free receptors constituted the anti 
toxin The same conception could be made to embnee other tyjes of 
antibods Ehrlicli suggested that the toxin molecule possessetl it o acme 
chemical groups one known as the toxophore group was responsible 

• A deliaic and ipcafc test for huinan blood in med colegal (murder) cases is bised 
on the pieaph n reac n \ rabb t is g»cn a senes of injcci ons of a solui on of 
human blooil or scrum When the serum ol Uie labb t i«h ch as a result of tl c injec 
tions has dcvcl pod a preap tin acu c aga nst human serum is ad led lo a speomen 
of ihe s speciwl blood (for example from lU ns on clotl ng a presumed weapon 
etc) d ssoi ed in a test tube a si f^W cloudy precip tatc appears if il e material m 
quest on is human bluod If It is the blood of an animal tl e solut on remi ns clear 
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for Its jnjunous action the other rtlfnl iJie Jiaptophorc ^roup united 
tviih the cell receptor or hapitn and thus enabled the toxin to bring 
jts action to bear upon the tissue cell 

Three t^pes of immunity are rect^tzed — tmlwruf active and jas 
5WC Natural immunity also called inborn or innate is that wfuch has 
not been acquired b) a previous attack of the disease or in any other 
nay Thus tve are naturally immune to some diseases that afflict anirmls 
and the) jxissess a natural immunity to a great many human diseases — 
for example measles and typhoid fever to mention only tv o Many per 
sons appear to be naturally immune to anierior poliomyelitis and to 
some other human diseases 

FIs 11 3 Diagram 
Ilustrot ng the produe 
ton and act on of spe 
cihc cytolys ns hemoly 
sins bocter olys ns etc 
Accord ng to Eh I ch s 
theory a mbstonce de 
stroyed by best and 
colled the complement 
I ^ ) Is preient In 
needy oil nermol sera 

It becomes |e ned to / BODY CELL 
the receptor ( ^ ) «l | 
the fo e gn cell by 
meoris of another substance called the omboceptor ( ) ntermed ory or mmune body 

When th s un on takes place the fo e gn celt h deit oyed The amboceptor wh ch s not 
destroyed by heat Is produced by the body cells of the on mol rece v ng the Inject on 
of ant gen e g fore gn cells bocteno blood cells or I »ue celts of another species 
It Is spec fe hoving a desiruet ve act on only upon the kind of cells thot were In ected 
The complement s nonspec f c its nonspec Tc ty con be demonstroled n the follow ng 
way When the Immune serum s heated the complement but not the amboceptor Is 
destroyed and the serum loses ts cytolyt c act on th s Is immed oiely restored however 
by odd ng ony normol serum 

Active immunity is that winch has been developed as a result of the 
activity of the body s own cells as when a person has recovered from an 
attack of an infectious disease or has had the antigen aihiunistere 1 by 
injection as explained below 

Immunity produced by the injection of an antibody for examj le 
lUphthena antitoxin formed in the body of an animal or of another 
person is called passive- Diphtheria antitoxin is produced by the horse 
into V Inch the toxin (antigen) of diphtheria has been injected Serum 
from such animals is employed m treating diphtheria m patients suffer 
ing from this disease In a similar way scrum from patients who have 
recently recoveretl from a disease such as measles scarlet fever or ante 
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nor pohomjehtis is used to immunize passnelj another person suffering 
from the same disease “ 

It is not aluajs eas) to sa) tshetlier a person t\ho has been exposed 
to some infecuon or other but docs not ' catch ji, is naiurall) immune 
to the disease or has been actitely immunized against it b) hating at 
some time pretious coniraaed it m such a mild form that it ivas not 
recognized. An apparently natural immunity probably occurs in this 
way to the virus of anterior pohomyehtis and to the typhoid baallus 
Actne immunity may be conferred artificially m order to present 
persons from contracting a disease should they be exposed to it They are 
injected (inoculated) SMth an emulsion of bacteria iltat hasebeen killed 
by heat or chemical means The toxin is not destroyed and it is the 
essential antigenic substance. Such preparations of dead bactena are 
called vaccines This method of immunization is employed against 
typhoid fe\er and infections uith pyogenic organisms Other methods of 
s'acanation are practiced for proiecuon against smallpox and rabies. 
Immunization against smallpox is carried out by infecting the subjea 
iMih a mild form of the disease knowm as co^^'pox * The lymph of cahes 
that hate been inocuhicd mih the disease is pncked or lightly scratclied 
into the subjects sLtn In the case of rabies (hydrophobia) the Mctim 
of the disease ts inoculated uith a solution of the virus that has been 
tseakened by drying and aging Finally the toxin of the causaave organ 
ism, for example, that of dtphtherta or of tetanus (lockjan), may be 
rendered nonioxic by chemical treatment tvtthout destroying its anti 
genic properties — that is its ability to stimulate antibody production In 
other swords the toxophore groups, but not the hapiophore groups of the 
toxin are destroyed Immunizing agents prepared in this uay are called 
toxoids. By the administration of diphtheria toxoid to young children 
deaths front diphtheria which used to run into high figures annually, 
base been reduced almost to the sanisliing poinL 

* Xacanation against smallpox bas 3 long history n was practicrd in Easlmi toon 
tries, espeoaljj China and india many tnindretSs ol ymn ago The mciliod «Dplov«l 
belorc jenner was a laibcr dangerous procedure Bui considering the terrible lasaga 
of smallpox It was jusuried In this old method the person whom u was dcsiml to 
protect against smallpox was inoculated with a bttle matenal (»metimes first dried) 
Irom a pustule of a patient rctoscring from the disease The iirus licing in a weai 
ened sure caused except rarel) a mild form of the disrav m the inoculated person 
This method was introduced into Engbnd in Ihc eighteenth century Edward jenner 
an Engbsh ph)siaan onginaicd the modem method of sacanation against smallpox in 
1796 The idea came to him from the reroart of a milLmaid “I cannot late the small 
pox for 1 hai-e already bad the cowpox." The ttuih of iha statement was tnown pm 
erally among the country people of the distneu Jenner accordingly inocuUicd a lx y 
of eight years named James Phipps with pus from the hand of a dainiaaid infected 
with cowpox Two months later Jeimer inoculated the boy wsih smallpox tirus. This, 
the cniaa! test prmctf the cfficacs of sacanaemn PhipTS did rtei contract smaJlpiyx 
An ouldandmg example of the value of vacanauon against smallpox is afforded by 
the statistics of the Iranco I russiaii Mar (18 0) In the Prussian \rmv but not in the 
Fr^ch varanation was practiced Only a few Prussian soldiers died of smallpox, but 
several thousand French soJdjcts Surcumbrd lo ibe disease 



Defensive Mechanisms Agamsf Diseose - 195 


Poin and resf 

The pain and lemporarj loss of function of an inflamed or injured 
part are Uefinitel) proiecti\e provisions Though ue may think that pain 
has been imposed upon us by a malicious Nature and could be dispensed 
With, ise uould soon be destroyed were it not for the warning that it 
gi\es of injury or of a threat of injury In i certain nervous disease affect 
ing the afferent fibers in the spinal cord that carry impulses giving rise 
to the sensations of j am and lemperaiure from the hands the patient is 
continually damaging his fingers, sores develop from such injuries, uhicli 
are neglected because they cause no discomfort It is also true that the 
most potent stimulus for evoking a protective reflex, such as jerking the 
hand away from a hot object, is a painful one In the case of the eye, our 
most valuable sense organ, the winking reflex that shields the eye is 
extremely sensitive Even ilie sight of an approacliing object that might 
injure the eye will elicit the reflex, a stimulus that would result in 
nothing more than a mild sensation of touch if directed to any other 
part of the body surface when applied to the cornea the anterior sur 
face of the eye msianily causes reflex closure of the eyelid The cornea 
IS richly supplied with pam fibers that have a very low ihreshold, almost 
any stimulus except the very blandest, such as a gentle jet of warm 
water, if it gives rise to any sensation at all causes pam 

Of an importance as a protective device, nearly as great as that of 
pain, IS the suspension of funaion in an injured structure Rest, whether 
of 1 broken bone or a king enables the ^aer o/ Nstf/rc {vis 

mcdicatrix ttaiurac) to exert most effectively its beneficent action In 
some instances such as m pulmonary tuberculosis where one lung is 
solely or predominantly affected, man by artifice does vvhat Nature 
cannot, or fails to do The severely damaged lung is immobilized — that 
is, put at rest by collapsing it (as by the injection of air into the pleural 
cavity of that side) or by anting one phrenic nerve and thus paralyzing 
the corresponding half of the diaphragm So, also a broken bone is 
immobilized by putting it in splints and inflamed eyes are protected by a 
bandage or dark glares (ikovgh some naiuraJ protection is afforded by 
contraction of the pupil and closure of the eye lids) 

A reeapffulafion of other profeclive mechanisms 

There are a number of other defensive measures that tJie body can 
take against the variety of adverse conditions and dangers ocaimng in 
an evercfianging environment zkmong sudi provisions of Nature most 
of which have been or will be dealt with elsewhere in this book, are the 
coagulation of the blood and the other reactions tliat tend to ensure 
against fatal hemorrhage (Ch 7) , Uie protection against a general blood 
infection afforded by the lymph nodes, the cilia and mucus of tlie upper 
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respiratory passages as svcll as die cough rcHcx sshicli sene lo prcscni 
the entrance of foreign material into ihe finer ainsass of the lungs (Ch 
21) ami the reactions of the syrapatho-adreinl s) stem (Chs 57 tO) 

Finally it should be mentioned that in order that the ranous safe 
guards shall sene their purposes most clTectisel) since they are iximm 
fcstaiiom of lising cells all physiological processes must be maintained 
m states of prime efficiency Unless this is so the normal biochemical 
balance of tlie miemal ensironment (tiomeosiasis p 56.) is not secured 
When the general health is undermined a way is openetl for mtasion b\ 
pathogenic microorginisnis Diabetic paitcnu for example arc esjictrialJ} 
susceptible to infection and sicttms of this malady and of nephritis and 
other general diseases are often carried off not directh by the disease 
Itself but by some intercurrent infection suclt as pneumonia or a 
septic comhtion 

CHEMOTHERAPr 

Chemotherapy is the treatment of disease by the administntton of a 
chemical comjiouml in many instances synthetic by means of t Inch the 
causative miaoorganisms are destroyed VMihm the bodv of the {laticni 
or their multiplication arrested The science of chemotherapy has made 
enormous strides VMthm tlie last 15 or 20 yean The aim of the mvesti 
gator m this field 1$ to prepare a chemical compound that is selectively 
active against one or more types of pathogenic organism but m ife 
dosage used e\erts hide or no toxic action u]>on the patient 

Paul Ehrlich the founder of the science of chemotherapy introduced 
some ^0 years ago an arsenical comjiound haMng a destructive action 
u{>on the spirochetes of svphilis It vvas named SalivTsan or anpheiia 
mine It svas also commonly knoun as 606 (six-o-six) because it v as 
die last of a long senes of compounds (presumably GOG) that had been 
cxpcnmcntetl siiili in the searcJi of a cure for syphilis Scxcral com|X)iiiidi 
of arsenic and antimony base since l»ccn syiuhcsucil that arc active 
against the protozoan organisms of malaria African sleeping sickness anl 
other tropical diseases 

The suHq drugs In 1928 it as-as discoacred by the German scientist 
Dr Domagk that prontosil a red dye srhen admimstcresl to mice en 
ablctl diem to withstand an injection of pathogenic bictcna that « as 
ordinarily lethal It vras found later that a clicimcal group cotitaimn^ 
sulfur vsas the acme antibacterial agent This aimjKiund v\“is jicjiarcil 
separately it is colorless and known as suHinilatmdc The use of this 
drug aiui its derivatives — the soolletl julfa or sulfonamide drugs— 
Ins opened uj> a fresh visu in cliemothcrapy Several bacterial ducascs 
from whicli the death rate was cxtrenely high base been trrjtcil with 
these com|xniiids with sjiecncular success \ large number of I'aivamo 
of sulfanilamide have been ssnthesi/cd such as sulfajnriJine sulfatlua 
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zoic, and sulfadiazine, to mention those in most common use. The 
sulfonamides are not equally acme against different bacterial forms One 
drug may be acme against one group of bacterta but fails against another 
group 

Antibacterial agents such as the sulfa drugs do not kill the bacteria 
like antiseptics or other chemicals sucli as the arsenical compounds They 
prevent the bacteria from miiUtpiywg They are bacteriostatic* (L sta 
tos, standing) rather than bactenoadal (L caedo I kill) 

ANTIBIOTICS 

An entirely new class of highly effective antibacterial agents has 
come into prominence within recent years These substances known as 
antibiotics, are obtained from other li\ing organisms especially fungi, 
molds and bacteria It uas through a happy accident and alert obscrva 
non that the first of these principles was discovered In 1929 Dr (later 
Sir) Alexander Fleming an English bacteriologist noticed that the 
growth of a culture of staphylococci that had been eicposed to the air of 
the room ivas arrested in the neighborhood of a growth of a mold that 
had fallen upon the same culture plate He suggested iliat the mold had 
produced a substance mimical to the bacteria Dr (later Sir) H Florey 
and his associates at Oxford instituted a series of experiments during 
World War II that resulted m the isolation of the antibacterial principle 
from the mold The mold had previously been identified as Penicillium 
noinium the acme prwcip)e was therefore called pcriiciJhn Both 
Fleming and Florey received the Nobel Prize in 1915 

A number of antibiotic prmaples have since then been isolated 
from various molds and bacteria The most valuable of these agents ire 
streptomycin, aureomycin (clilortctracyclinc), tyrothncin, terramycin 
(oxyietracychne), and erythromycin Streptomycin is obtained from iJie 
funguslike bacteria Slreptoinyces ii is active against the tubercle bicillus 
and a number of oilier pathogenic bacteria Aureomycin is furnished by 
another species of Streptomyces it is acme against some virus infections 
ami several types ol barierja Tyrothncin is ilemeiJ from a barieml form 
found in milk and soil, n is especially valuable for local application in 
staphylococcic and sireplococac infections of the skin Terramycin is 
obtained from anotlier species of Streptomyces Most of tlie antibiotics 
are bacteriostatic m their action but some are also bacteriocidal Others 
are active against pathogenic fungi 

♦The mode of aciion of siiUaniUmidc u belicvid to lx* as f Hows a factor of ific 
viiamin B complex para amniobcnioic aad is an essential requirement for some 
cniyme system in the bactcnal cell Owing lo the simUatUy of their chemical stnictnics 
the sulfa drug and the sitamm cwmpcic ftw ine/«sion in the enz)n}c sfttem When 
the drug is taken up by the latter ihe entiance of the siiamln into the ivsicm is 
blocked The enryme Is thus rendered inaaisr and the bjcicrla are tinahic to 
mitliipl) 
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Pathogenic organisms show a remarkable adainabihij to the actum 
ot \-anous agents cmplo>ed against them 1 hej tcml to become gradually 
resistant and can then tolerate larger doses o£ the antibacterial substance 
When this occurs the physicians strategy when feasible is to attack 
uith some other antibacterial substance Another person may become 
infected with Uie resistant bacteria When for example infection is 
tlerned from a patient with tuberculosis treated with streptomycin the 
clfcctncness of this \ery saluable drug in so far as the second infected 
person is concerned is scry greatly reduced 

SURGICAL SHOCK 

A patient uho has suffered a seserc injury or Ins undergone an 
extensne operation may a few hours later (between 3 and 5) paw into a 
gras c state variously known as surgical traumatic, secondary or delayed 
shock The condition is commonly associated svith the loss of a consider 
able quantity of blood It is cliaractcrizetl by a very low blood pressure, 
a pale cold and clammy skin and extreme weakness The volume of 
circulating blood is greatly reduced and this whether due to the low of 
plasma or blood into the tissues at the site of the injury or to exicrna! 
hemorrhage, as indicated above is believed to be the cause of the symp- 
toms Treatment ilicrefore is dirccictl toward restoring the blood vol 
umc to normal by the transfusion of blood or an effective blood stibstt 
tiite This aim can be attained if the shock is not too profound and 
treatment begun early Shock is then said to be revcntbic and the patient 
recovers But if the patients condition is very grave from the start or 
treatment has been too longdclayetl all restorative measures are lunvail 
ing shock IS then irreversible Hemorrhage alone vviihoiii cvccsvivc tissue 
damage causes identical symptoms — in this case the term hcmorrl agic 
shock IS applied 

ANAPHYLAXIS AND AtlERGY 

When an animil is injected parcntcrally with a foreign jirotcin it 
becomes hypersensitive to that particular protein if given a sccoml 
minute dose of the protein 10 days or more later it is ovenilicliiicd by an 
intense reaction from whidi it quickly dies The hypersensitive state is 
called anaphylaxis and the characters of the reaction vary with tlic $}>c- 
cies the guinea pig for example dies of asphyxia (broncliiolar s|ki5iii) , 
whereas the dog succumbs to congestion of the liver and intestines The 
clfecis are due u is believed to the release of histamine from the tissue 
tcllj — an intigcn antibody reaction — the fint dose of protein (antigen) 
having caused the production o! a specific antibody having this effect 
lUergy and serum stchness though mudi milder in their manifest ittons 
arc essentially similar in nature 
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TJie circiilaior) system of tJte body resembles in seteral 
\s'a)s a municipal w-atcr system The s»atcr system consists of a pimiji ami 
a complete set of closetl metal tubes or pipes In tlic living circulatory 
system the heart is the pump, and the closed tubes are of four kinds— 
arteries, artenoles, capilhncs, and veins (Figs 12 1, 12 2, see also Figs 
I2C to 128) The arteries beingstrong thick uallcd tubes maybecora 
pared to the large tmer mims of the city Tfie small artencs and the 
arterioles into uhicli the larger oncrics dnide, carry the blood from the 
heart to all parts of the body, and may be compared to the narroiN pijxs 
carrying vsatcr from the street mams to the faucets The veins carry tiic 
blood laden vMth waste materials and are tlicrcfore comparable to the 
drains of an artificial system The heart and vessels form a complete 
circle through vshich the blootf Oows (Plate II&) 

It has not ahvays been known rhat the blood (raids in a circle, ir 
seems so obvious to us today and is taken mud) as a matter of course 
but for many hundred years it v%as universally belicicd that ilic bloml 
simply ebbed and floivcd like a tide ivvay from and back to the hcaru 
The scientific viorld waited until, more than 500 years ago, ^VllllJIll 
Harvey an English physician discovered that the blood made a complete 
arcuii from the heart to the tissues through the arteries then through 
the tissues and back again to the heart through the veins (p 210) Bin 
ihougli Harvey s experiments furnislicd the proof for this u took Iialf a 
century more for many jKople to accept this apparently simple fact so 
firmly entrenched vicre the old beliefs 

The pans of the arculaiory system will now be desaibed in more 
detail 
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Fig 12 2 Diagram of the circulatory Compare with Fig 12 1 


THE HEART 

The heart is a hollow muscuhr organ I>ing with as center a latle 
to the left of the mid line of the chest (Fig 123) The muscle of the 
greater part of the heart is \er) thick and forms thick bands whicli arc 
interlaced with one another and twisted into rings loops and s>horl$ to 
form %ery strong walls (Fig 124) 

The human heart and the hearts of higher animals are di\ideil bj a 
complete wall, or septum, composed mostly of muscle, into a right and 
a left half Each half is again dnided into an upper and a lower part 
b) a horizontal partition The upper chambers ire called atria (smg 
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atm m) or auricles’ — right and left The lower ones are called \enincles 
— right and left 

The two sides of the heart are completely separated — that is the 
chambers of the right side have no direct communication ^^llh their com 
panions on the left because of the septum mentioned abo\e but the 
auricle and the \cntricle of the same side open into each other This 
opening is guarded b) sahes (Plate II6) 

The right atnum or auricle receives blood from the great seins 
(superior and inferior venae cavac) which dram the blood from the 
head neck and arms abo\e and from the trunk and 1^ below Tie 
right ventricle pumps blood mto the lungs the left atnum or auricle 
receives blood from the lungs the left ventncle pumps its contents into 
the great artery or aorta This artery gives off branches whidi m turn 
rebranch like the limbs and twtgs of a tree to coniey the blood to all 
parts of the body (Ch 13) Thus m reality there are tsvo circulations 
a greater or sjstemic through the body as a whole and a lesser or 
pulmonary through the lungs The heart ser\es as a two-cjlinder pump 
situated betiveen and connecting the two systems 

• Aur etc is an older term but still In use cspeaally by phys ologists. 
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The sjstemic arculation senes to carry oxygen ami food materials 
for distribution to all parts of the body, and to remote carbon dioxide 
and the wste products of metabolism from the tissues The pulmonary 
circulation is for the purpose of ‘ventilating” the blood — that is, for the 
elimination of carbon dioxide into the air of the lungs, and the absorp- 
tion of oxygen 

The ventricles make up the greater part of the heart They have 
thick walls, the muscle of the left ventricle being thicker than tint of the 
nght cliamber, since it has more work to do The walls of the auricles are 
comparatively thin The ventricular muscle consists of numerous stout 
bundles that are arranged more or less concentrically so that when they 
contract the ventricular cavity is almost obliterated and the blood ex 
pelled (Fig 12 4 and 14 2) 

The valves and other structures m the cardiac interior will be 
described in Chapter 14 
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Fg 12 5 Show ng }he 
manner Jn wheh the 
serous pencard um s 
Formed 


The pericardium encloses Uie heart It consists of tsvo concentric 
membranous sacs an inner serous and an outer fibrous The serous pen 
cardmm is thin and delicate ind composed of a single layer of flat 
endothelial cells supported by a small amount of loose areolar tissue It 
has been pushed in (mvaginaied) on one side by the de%eIopjng heart 
so as to bring Us walls mio contact endothelial surface to endothelial 
surface thus forming a double layer The inner (vtscerat) layer is ad 
herent to the heart the outer (parietal) layer is bound to the inner 
surface of tlie fibrous pericardium by areolar tissue thus forming a 
smooth lining for the latter The fibrous pericardium blends above with 
the sheatlu of the great vessels entering and leaving the heart and is 
anchored below by a broad base to the upper surface of the diaphragm 
It IS also attached in front by fibrous bands to the posterior aspect of the 
sternum The heart mo\es freely vvuhin the pericardium the smooth 
surfaces of the serous pericardium lubricated by a film of fluid gliding 
easily over one another 

The construction of (he serous pericardium may be made clearer 
by a homely illustration If we should take one of those transparent 
plastic bags non used as containers for fruit and vegetables and press a 
fist into Its side (not into its cavity) and mold it around the hand we 
would have a rough imitaiion of the serous pericardium. Tlie fist would 
represent the heart the layer of the phstic envelope neM the skin would 
suggest die inner layer of the serous ]>encandum (epicardium) adherent 
to the heart while the outer layer of the plastic envelope vsould corre- 
spond to the serous layer that lines the fibrous pericardium The latter 
might be represented by a rough bag outside the plastic sac (serous 
pericardium) 

The mam functions of the pericardium are to anchor the heart in 
position with the diest and to prevent overdistention of ns cavities 
Inflaramation of the serous pcncardium is called pericarditis tVZien the 
fluid between the two layers of the serous pericardium is greatlyincr«sed 
the conduion is called pericarditis with effustort the accumulation of 
fluid may be so gteat as to interfere wrdi tlie action of the heart. 
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THE BLOOD VESSELS 


The arteries 

The arteries arc comparatuel) large tubes iliat carry ilie blootl from 
the heart to the most distant parts of the hotly Their thick, lougli, strong 
\salls are composed of elastic material that allous them to stretcli and 
recoil The largest arteries in the bodj are the pulmonary, which carries 
blood from the right ventricle to the lungs and the aorta, winch leases 
the left \entrJcJe, The course and brandies of the aorta are described in 
Chapter 13 All but one of the arteries of the bod) carry bright red blood 
— that is, blood that has passed through the lungs and has receded a 
load of ox)gen from the inspired air This one exception is the pul 
monary artery It carries to the lungs dark blood that has been brought 
by the aeins from the tissues to ilie heart The tissues have removetl 
some of the oxjgen from the blood as it passed through diem, depriving 
It of us brilliant color — that is, the oxyhemoglobin has been convened to 
reduced hemoglobin (pp 155, 300, 810) 

The structure of the arteries The walls of the ariencs consist of three 
coats, or tunics, an inner, middle, and outer The inner coat is called the 
tunica intuna, the middle one the tunica media, and the outer one the 
tunica adventitia (Fig 12 C) The tunica intima is a delicate lining— a 
single layer of endothelium The tunica media is composed of smooth 
muscle and elastic connective tissue fibers, and is many times thicker than 
Uie lining endothelium The tunica advenima consists of connective 
tissue that carries small vessels and nerves to nourish and motivaue the 
vascular wall In the largest arteries the proportion of elastic tissue is 
much greater and the pro/wtion of muscular tissue mudj Jess than in 
the small and medium sized arteries 


Fig 12 6 Sect on through 
a vmoll artery 
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Degenerative dueoses of the arteries Tlie artenes in later life nny 
become still hard and brittle due lo atrophy o[ the muscle o[ the tunica 
media and the deposition of lime salts This type of arterial degeneration 
IS most commonly seen in old age The aflccied arteries are comparetl to 
pipe stems from tlicir feel under the skin In a more serious form of 
arterial degenerative disease the tunica intima is attacked thickcnctl 
areas appear that later break down into a soft material comjiosed of 
cholesterol and other lipids (p -112) This atheromatous change (Ok 
al/iere porridge) leads to weakening of the arterial wall especially m 
the larger and medium sired arteries that are exjwsed to high pressure 
Rupture may result if high blood pressure exists as sveJ} or the blood 
within the vessel may clot (thrombosis) Sudi atheromatous changes aic 
very common after middle age and are the usual cause of the diicf v-ucu 
lar emergencies mmely cerebral bemorrhage and coronary thrombosis 

In the latter instance clotting of the blood is encouraged by tlie 
roughening of the normally smooth endothelial lining of the aricn bv 
the atheromatous areas This tliscase— ^i/Acrorr/croris— causes more dntlis 
each year m the \\estem vvorld than do all other diseases combined 
and there has been much controversy as to its cause In the victims of 
coronary disease the concentration of cholesterol in the blood is con 
sistcntly higher tlian in other persons Elev-ation of blood cholesterol— 
hylrerchoicsterolcrnia — is readily induced by a diet nch in animal his, 
for example butler cream eggs (yolk) and liver winch contain satu 
rued fatty aads and relatively large amounts of diolesterol Most segc 
table fats and oils on the coninry whose fatty acids arc imsaturatcd and 
contain no diolesterol do not have sucli an cflect TJiey and carbnliy 
draics actually lower the blootl cholesterol Reasoning from these hcis 
the theory has been put fonvard that in those persons vvuh hyjicrcholcs 
terolemia the cholesterol was taken up in excessive amounts into die 
cells of the arterial lining and acaimtilating there produccti the athero- 
matous patches A diet high in animal fats was therefore ihoughi to be 
conducive to the development of atherosdcrosis and uas to be avoitleil 

It IS doubtful Iiowcvcr that a high diolesterol diet is of cssciilial 
impornnce in causing aihcrosderosis Cholesterol is svnihcsirctl m the 
body and it seems more likely that the disease is due to some hcreilitary 
fault — either of synthesis or breakdown — m cholesterol meialiolism It » 
suggestive in this connection tbit though the disease is icj«hl> pro<hictal 
III rabbits and diickcns bv high diolesterol feeding it cannot fie j mtlHcetl 
in monkeys by this means There are other factors concerned in llie pro- 
duction of the disease the most important being high bJowl pressure 
(artenal hypertension) The constant strain put ujxm tlie vessels encoiir 
ages and accelerates the atheromatous process Small hcmorrliages into 
the imima followetl by thromlKKis in the minute vessels in the aricrul 
wall mav well be tlie initial change. 
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The arterioles 

Arterioles is the name gn-en to ihe verj smallest tubes of the arterial 
system (Fig 12 7) TJiese lesseJs are Iitt/e thicker than a hair (about 
02 mm m outside diameter) Their tsalls are relatnel) rich m smooth 
muscle disposed circularly around the vessels These muscle fibers can 
contract and close olF the tube, or they can relax and so make the channel 
of the arteriole wider In accordance «iih the comparison made abo\e 
betueen the circulation of the blood and a municipal tvater 5)siem the 
arterioles represent the faucets in our houses whicli can be opened or 
closed 





Fig 12 7 Sections of (he four types of bfood veuelt— entries orferioles copt 
lor es and re ns Though the different drawings ore not mode aecurotelr to 
scale some idea of the ocluot sizes of the vessels moy be go ned if the reader 
thinks of the smol) ortery on the left os being ehovf the d ometer of o f ne 
needle The largest orterics in the body— Ihe oorto end the polmonory— ^re 
each in on odult a little over 1 inch in d ometer where they leave the heart 


The capillaries 

The capillaries he beiiiccn the artertoia and the \eins The) are 
the finest- blood \cssels in the body, bang less than one tenth the mdlh 
of an arteriole Their ^vaUs have no muscle but are made of the thinnest 
and most delicate material — a single lajer of endothelial cells (Cli 2) 
The blood after leaMng the arterioles must pass through the thousands 
upon thousands of these fine tubes in order to reach the seins The Ining 
color of our skins is due to the blood m the capillaries WTien the skin 
becomes flushed and hot, the capillaries are filled ssith blood, sihen the 
skin IS jiale and cool these \cssels are narrower and hold less blood 
TV hen the skin is scratched the blood Uiat oozes from the trnial rsound 
comes from these minutely narrow \essels (sec also Ch 18) 
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The veins 


The ^elns are the drainpiiJCs of the arcubtorv s)stcm Thn collect 
the blood from the capillaries in the tissues and cart) it to the hnrt 
The scins near the capillaries arc quite small, but by the joining together 
of small \cins to form larger ones— IiLe tributaries of a mer— the blood, 
as It floiis toward the heart, passes into progressn cl) larger scsseli The 
largest sems in the bod) are the superior sena cat a and the inferior >xna 


cava Both of these pour the blood into tlic riglii atrium Tlic superior 
>cna cam drams the bJootl from those pans of 
ilie body above the level of the heart— head 
neck and arms The inferior vena cava drains 
the blood from those parts of the botl) below 
the level of the licarL The blootl of the lungs is 
brought into the left auricle b) the four pul 
monary \eins.Tlie blood in the pulmonar) veins 
IS bright red because it has just taken on a load 
of oxygen from die air in li»e lungs Tlicsc ve 
the onl) veins in the bod), therefore, that ton 
tain fully oxygenated bIoo<l (sec p 272) The 
blood in all the other veins has given up jurt 
of Its oxygen to the tissues and so is a darker 
red owing to the reduced hemoglobin Anyone 
can see the dark color of tlic blood in the veins 
on the back of the hand or on the forearm 
The color as it shows through the skin lias a bluish tint Many of tlic 
larger veins have valves that aid the Dow of blood toward the heart 
(Fig 12 S) 



Fig 12 8 A pcif of volvei 
in a lorge vein The orrow 
pe nit in th* d reel on of 
the btoed flew that ti 
reword ihe hrort 


THE COMPLETE SYSTEM 

In order that he may understand the two arcuits of the blood — the 
systemic and the pulmonary — the reader should refer to Plate Ilf* and 
read carefully the followaiig description of a rctl cell $ voyage. 

Imagine that the cell having been ejected by the left ventnde into 
the aorta has just siarictl upon ris journey around the bod) Speeding 
down the great artery (aorta) at the rate of a foot or two per second 
together with millions of its fellows it soon readies a branch in the vewd 
and may turn along it. or may pass to some one or other branch beyond 

W hen the artencs branch into smaller iw igs many channels he oj>cn 
to the cell \\hidjevcr path it tales sooner or later the red cell comes 
to a region wlicrc the channel is very narrow— so narrow, indml. iliat H 
may brush the walls on either side or may have to be squce/cd along 
The corpusdc has now readied the smallest of all the blood vessels 
the capillaries. 
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The strenm here is fio^ving mudi more slowly than in the large 
arteries and the red cell idles along at the rate of about 1 inch per 
minute Compared with the rushing arterial river that the red cell has 
just left, the capillary stream IS sluggisli Here also tiie walls of the ves 
scls are so thin as to he (ratispaienc. and the cells of the tissues shine 
clearly through on either side (Plate 1116) 

The capillary vessels are so minute, indeed that ten or more could 
be laid side by side upon a hair Yet if we were to take the cross sections 
of all these delicate tubes m all the tissues of the body and add them 
together, we should find that the sum was 500 to 1000 times greater than 
the cross section of the one large artery — the aorta — by which the blood 
left the heart In other words, the bed of the stream over which the blood 
flows has become tremendously expanded m the region of the capillaries 
It is as though a swiftly moving river had flood a tract of marshy ground 
furrowed by innumerable channels This explains the slowmess of the 
stream m the capillary region for it is a principle of the flow of fluid 
through a closed system of tubes that the stream is slowed in passing 
through a broader passage, and is quickened when it traverses a nar 
rower one. 

The red cell having journeyed through the 
capillary, enters somewhat larger vessels again — ilie 
small veins, or venules As it reaches larger 'and 
larger venous tributaries its speed increases for the 
reason given above soon it is carried into one or 
anacher of the great letnj (saperwr or tnlenor 
vena cava) and enters the right auncle of the 
heart The speed of the red cell m tlie large vein 
where it opens into the nght auricle is not greatly 
less than the speed of the blood in the aorta be 
cause the diameters of the two laige veins added 
together is not so inucli greater linn the diameter 
of the latter vessel Having reached the riglu 
atrium it Ins now made a complete round of the 
systemic, or greater, circulation Jn its slow passage 
through the captllines it has given up to the tis 
sues a part of the oxygen load with which it entered 
the aorta So by the time it has returned to the 
heart the ted cell has lost its scarlet color and is a 
darker red (Fig 12 10) No interchange oT fluid respiratory gases or of 
nutritive or waste materials occurs except as ilie blood travei-ses the 
capillaries 

After entering the right ventricle ii is ejected into the large pul 
monary artery and so enters the pulmonary, or lesser, circuHiion In tlie 
lungs the red cell passes through capillaries again There it becomes 
exjiosed to the air that has been inspired and takes on a load of oxygen 



Fig 12 9 Show ng how 
ihe controct ng muscles 
of the lower t mbs In 
e9n(!MKt on >v th lb# 
venous valves act os 
force pumps to drive 
blood toward the heart 
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Lea\jng the capilhrje$ as before, ii entcn a small \cin and then siicca 
sncly larger \eins to reach the left auricle through one of the four hrgc 
pulmonary reins FinaJl) the left \eniricle recedes it, and the rctl cell 
has returned to the point from rrhich it started half a minute or so agr>— 
for that IS about the time the ted cell tales to male a lour of both cirai 
laiory systems During exerase, lionercr, the \elocuy of the blood is 
greatly increased 

Emphasis should be hid upon 
certain points in the foregoing ac 
count The right side of the henri 
contains only tenous blood — that 
K, blooil that has passed through 
tile capillaries of the s)stcmic cir 
ailation and so lias giten up part 
of Its load of ov)gcn to the tissues. 
A quarter or so of its hemoglobin 
is in the reduced state (Cli 7) 

The left side of the heart con 
tains onl) artenal blood, or blood 
that has passctl through the cipil 
lanes of the lungs and has taken 
up nearly a full laid of oxygen 
Full) 98 percent of its hemoglobin 
isoxjgemicd (oxjhcmoglobni) ft 
has already l>cen arid that arteries 
carry blood auay from, and xems 
carry blood to, the heart The pul 
momry artery, winch con\c>-s 
Fig 12 JO SchemolJC d esrom fo Jhow ibe blooil from tilt right sCJItricle 10 
exchonge of ihe fesp rotory gci»ei — corbon ihc hltigS, and ihc pulmonars SCIIU 
d oxide and oxygen For the *ahe of »«m i%hich Carr) blood from tllC lungs 
picify fhe poJmonary end syiiewc or io the left auricIc, arc therefore COt 
cu t» are comb ned Info one circle ond the mmed NcstriheJe« ill one 

heart om fled pMWcuUT the pulTOWSTy aiKty 

resembles a sem — it contains tcthiced, or so<allcd xenous blotnl The 
pulmoinry \eins, on the other fund, contain ox)gemicii or arterial 
blood and in this the) resemble arteries These arc the only exceptions 
to the rule that an artery contains ox)Kcnatcd, and a xem rctluccd blixx! 

William Harvey end ibe dicovery of the circulotion of the blood hx a 
senes of simple experiments William Harxey (1578 fC37) showed fluf 
the blood must tale the course just describcrl He poimeiJ out Uiat the 
valves of the heart x^c^e so fashioned that the blood could go in onlj one 
direction, that there could be no lo-andfro movement as was supposed 
b> the medical men of his ume He saw that when the pulmonary tarn 
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in die Jmng animal nere tied no blood enteral the left \emricle uJien 
the pulmonary artery tNas similarlj obstruaed no blood passed through 
the lungs Thus he prosed tint the blood was driven from the right to 
the left ventricle that is through the pulmonary circuit 

The course of the blood through the systemic circulation was de* 
duced from the following experiments Compression of the aorta vras 
followed by damming of blood in the left ventricle which became 
dilated and labored in its beat When on the other hand the great veins 
entering the right auricle (superior and inferior venae cavae) were lied 
the right chambers of the heart collapsed since they receiv ed no blood 
When a large superficial vein was compressed (Fig 1211) it became 
swollen with blood on the side of the obstruction farther from the heart 
and empty on the near side compression of an artery caused the pulse 
to disappear in that part of the artery beyond the point of pressure 
Undoubtedly then Harvey argued the blootl must be carried from the 
heart in the arteries and toward the heart in the veins 
The fetal circulation is described in Chapter 19 


Fig 12 11 llluttrat on of on ex 
per ment of William Korvey from 
h t great work pubi shed In 1628 
De metu ee ds el songv n f (the 
movement of the heart and 
blood) When a vein was com 
pressed by the f nger ft collopsed 
on the s de toword the heorl and 
became d stended with blood 
on the other s de 
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As ue fia\e seen ihc blood has n\o ouifcts from the heart— 
from the left \entrjcle into the aorta mtl from the riglit sentnde tnto 
the pulmonar) artery The pulmonary artery uill be dcscnbcil in Chap- 
ter 18 


THE AORTA 

This large tessel through its hnnehes and the tnnumcnble din- 
sions of the sascuhr tree the trunL of which it represents distributes 
oxygen hden blood to the cnpiUanes of all parts of the body with the 
exception of the greater pirt of the lungs From its origin at the left 
\entricle the aorta ascends for 5 cm or so and then forming an ircli 
descends dose to the \crtebnl column through the thorax and abdominal 
casit) Tins scssel in man has x diameter at its origin of oscr an iiicli 
(3 an) The aorta is described in four parts (a) the nirriidi/ig uorw 
(b) the arc/i of i/te aoria (c) the l/toracic aor/n and (d) the ah frninaf 
aorta 

The ascending aorta is about 5 on (2 indies) long, and gnes nse 
to only tt o brandies uhidi supply the heart muscle itself 7 hoc are the 
right and left coronary arteries they arc dcscribctl m Chapter 18 (Fig 
13 1) 

The arcli of the aorta is fonnctl by the turning of the scssd from an 
upward to a downward course In other words it is intcr|)05Ctl bcu een 
the ascending and the descending jsortioiis It gucs off three large 
brnnehes that supply the head neck and upper limb these arc the 
2U 
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The external carotid artery 

The external caroiitl arter) ascenth one on cither side, to a point 
m front of the ear inidwa) between the mastoid process and the andc 
of the jaw, where, embedded in the parotid gland, it ends by dniding 
into the superficial lemporal and mavtllat^ artenes The external ciroiid 
artery supplies blood to the muscles of the neck, to tlie pharym, thjToid 
gland, tongue, face, and scalp, through the following branches the 
ascending pharyngeal, superior thyroid. Ungual, facial, and postenor 
auricular, in this order from below upwards 

The superficial temporal artery, the smaller of the terminal branches 
of the external carotid sends usigs to the parotid gland, the masseier 
and temporalis muscles and the upper part of the side of the face 

The maxillary artery supplies the upper and lower jaws, the mus 
cles of mastication, the palate, nose orbit, and the external and middle 
ears (Figs 13 2, 5 2, Ch 5) Through ns branch the middle meningeal 
artery it supplies the dura mater, and through its inferior dental branch 
blood IS distributed to the teeth of the lower jaw, us superior denial 
branch supplies the teetli of the upper jaw The middle meningeal 
branch is important surgically, for it may be torn by a blow upon the 
head e\en though no fnciure of the bone occurs, pressure of the escap 
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ing blood then causes loss of consciousness and paral)sis ulnch must be 
relieved by trephining the skull 


The Internal carotid artery 

At us origin from the common carotid the internil carotid artery 
shov\s a slight dilatation calletl the carotid Jini/i (Figs 15 2 13 3) \ hich 
IS of great phys ological im 
portance (Ch 5) The inter 
nal carotid ascends to the base 
of the skull and enters the 
cranial cavity through a ca 
naJ in tlie petrous portion of 
the temporal bone called the 
carotid canal In its cervical 
course (from its origin to the 
base of the skull) it gives off 
no branches Its branches sup- 
ply die middle ear through 
the caroticotympanic brandi 
V hicli arises from the vessel 
m the carotid canal tlie puui 
tary body the orbit through 
the ophlhalmie artery and 
the brain through the ante 
nor and middle cerebral ar 
leries 

The ophlhalmie artery 
(Fig 13 4) is given off from the internal caroinl within tl e crinnl cavity 
and enters the orbit through a forwnen (optic foramen) iJiat also inns 
mils the optic nerve It sends a brancli to the eyeball that supplies the 
retina and other coats of the eye it also sends branches to the muscles 
of the eye the lacrimal ghnd and other structures of the orbit Tl e 
branch supplying tlie retina is called the central artcrv of ihe retina 
which running forw’ard in ihe<cnter of the optic nerve appears in tlie 
middle of the optic disc (Ch 41) It is readily seen in the living subject 
by means of an instrument knowm as the ophthalmoscope 

The anterior cerebral artery springs from the internal carotid artery 
at the inner end of tlie fissure of Sylvius (lateral cerebral sulcus) v Inch 
IS described in Chapter 37 Through its anterior communicating branch 
the anterior cerebral artery is joined to us fellow of the opposite side 
It gives off central and cortical brandies The former supply the brain 
substance m the depth of the cerebrum and the latter arc distnbuied 
to the anterior u o thirds or so of the medial surface of the hemisphere 
and to the upper part of the lateral surface (Fig 13 5) 
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' I Supmrfiilal ert 
Lacrimol gland 


Fig I 34 The ngM ophthel 
mic etlery ond m bronches, 
orbrfal coviiy viewed from 
obove 


The middle cerebral artery 1 $ the largest branch of the mtemal 
carotid artery It runs laterally for a short distance in the fissure of S>1 
\ius, and then turning backward and upward breaks up into brandies 
that supply a large part of the cerebrum Central branches are distnbuted 
to the interior of the brain, one of iliese, which supplies the internal 
capsule (Ch 37) , ts called the “artery of cerebral hemorrhage/ because 
Its rupture is the roost common cause of apoplexy, or what is popularly 
known as a “stroke." The cortical branches of the middle cerebral artery 
are distributed over the greater part of the lateral surface of the hemi- 
sphere 
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Fig 13 5 Arteries ot the hose of iKe skull ihe ontenor port of the lemporol 
lobe and most of the cerebeHurs on the lefi hove been excised Enlarged 
drawing el orteriol arcle feirde of Willis) on the left 
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Tlie cuxtilus arteriosus or circle of IViHis i s_t nng of a nastomosing 
vessels at the base of tlie brain formed by the anterior and middle cere 
bral ar teries in front joined by an anterior communicating artery and 
the posterior cerebral arteries belnnd joined by a posterior commum 
eating artery (Fig 13 5) These 'imstomoses present the brain from 
being deprised of blood esen Uiough isso of its main sessels sliould be 
occluded 


ARTERIES OF THE UPPER LtMB 
The subclavian artery 

All the blood that reaches the upper hmb is delivered by this large 
artery It arises on the right side as a division of the mnoniimte (tlie 
common carotid being the other division) and arches outward the high 
est point of the arch lies about 2 cm above the right clavicle The left 
subdawan springs directly from the arch of the aorta and arches to the 
left (Fig 13 1) Each artery crosses the fiont of ilie first nb and enters 
tlie axilla or armpit From the outer border of tlie first rib to the lower 
border of the teres major muscle (which is the lower limit of the poste- 
rior wall of the axilla) the name of tlie vessel is changed to the rtvi/Zury 
artery From the lower border of the teres major the artery is continued 
down the ann and the name again changed to the brachial artery The 
four major branches of the subclavian artery are the (1) vertebral (2) 
internal mammary (3) thyrocervical and (4) costocervtcal 

The vertebral artery runs upwards through the foramina m the 
transverse processes of the first (upper) siv cervical vertebrae and enters 
ihe cranial cavity tlirougli the foramen magmini of the occipital bone 
(Fig 13 3) It gives off branches that supply the spinal cord and cere 
helium Before it enters the skull it sends several branches to neighboring 
muscles W ithm the cranial cavity the vertebral arteries of the tv o sides 
converge toward the lower border of the pons where they join to form 
a single trunk called the basilar artery 

The basilar artery, after a short course upward in a median groove 
on the anterior surface of the pons divides into the right and left pos- 
terior cerebral arteries (Fig 13 5) which with tlie posterior conimiiiii 
eating arteries complete the cirde of Wilhs The basilar trunk sends 
branches to the pons and through the jiosterior cerebrals supplies the 
occipital lobe and part of the temporal lobe of the cerebral hemispbcrc 
The internal mammary artery descends into tl e thorax behind the 
upper SIX costal canilages close to the border of the sternum It sends 
blanches to tlie pericardium pleura upper intercosial spaces diaphragms 
thymus mammary gland and to muscles of the neck and scapular region 
The thyToccnical artery supplies branches lo the thyroid gland to 
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various muscles of the neck and scapular region, and to the Irrynx, 
trachea and esophagus 

The costocerMcal artery sends brandies to the upper intercostal 
spaces and to the posterior muscles of the neck 

The axillary artery, the continuation of the subdasaan artery into 
the axilla gives off branches lo the musdes on the upper part of the 
chest about the shoulder and posterior wall of the axilla and to the 
humerus and shoulder joint (Fig 13 6) 

The bradnal artery, ilie continuation of the axillary artery into the 
arm lies at first on the medial side of the arm but inclining fonvard ns 
It descends comes to occupy the cubital fossa on the front of the dbous 
(Figs 13 6 13 7) The cubital fossa is the triangular space at the bend 
of the elbow bounded laterally by the brachioradiahs muscle and In^ 
dially b) the pronator teres The braduil artery supplies the muscles of 
the arm and gives off a branch called the nutrient artery which penetrates 
the humerus Its largest branch which is given oft near its commence 
ment is called the profunda braclm this turns backwards then runs 
behind the humerus m the spiral groove wah the radial nerve to the 
outer side of the bone it here divides into an ascending and a descending 
branch and supplies the deltoid and triceps muscles 

The ulnar artery is the larger and the inner of the ti o terminal 
divisions of the brachial artery It is placed deeply m its upper part 
being covered by the deep head of the pronator teres It becomes more 
superficial about the middle of the forearm Crossing the medial stile 
of the wrist just beneath the subcutaneous tissue and skin it passes under 
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the palmans brcMs muscle anil then after gising ofl a deep brand) 
crosses the palm as the superficial palmar arch A short distance from 
Its origin the ulnar artery gises off the Uso ulnar recurrent arteries 
anterior and posterior, uhich turn upivards and supply structures about 
the elbow joint At a little lorscr lead the common interosseous artery 
arises which at the upper border of the interosseous membrane diiidcs 
into an anterior interosseous am! a jiosterior interosseous artery They 
descend on the respeciise surfaces of the membrane to the lesel of the 
svrist 

The radial artery is the lateral and smaller terminal branch of the 
brachial artery Near tis commencement it gi'cs rise to a radial recurrent 
artery that supplies the elbow joint and neighboring structures Just 
abose the ssTist the radial artery becomes quuc superficial It lies upon 
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wards through the interosseous spaces to die doisum of ilie hand ivherc 
they anastomose uiih other small brandies of the radial artery 

ARTERIES OF THE THORAX DERIVED FROM THE 
THORACIC AORTA 

Tlie thoracic aorta the continuation dm m ards of the aortic arch 
commences at the lower border of the fourth thoracic sertebra and ex 
tends to the aortic opening in the diaphragm through whidi it passes 
and is continued as the abdominal aorta The thoracic aorta supplies the 
pericardium esophagus bronchi the losver nine intercostal spaces and 
the mammary gland These branches are named respectively fericardtal 
esophageal bronchial and posterior intercostal 

ARTERIES OF THE ABDOMEN AND PELVIS DERIVED FROM 
THE ABDOMINAL AORTA AND lUAC ARTERIES 

The abdominal aorta 

The abdominal aorta commences at the opening of the diaphragm 
and descends in front of the vertebral column to the fourth lumbar ver 
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jes that enter the spleen and supply its substances It gives branches to 
the stomach and pancreas before entering the spleen 

The superior mesenteric artery springs from the aorta a little below 
the origin of the celiac artery (Fig 13 II). It supplies the entire small 
intestine with the exception of the first part of the duodenum It also 
supplies the cecum, the ascending colon, the greater part of the irans 
verse colon, and sends brandies to the pancreas through its pancreatico* 
duodenal branch The branches of this artery are earned to the intestine 
between the layers of the mesentery, fomimg a succession of arches the 
parts of which anastomose freely with one another The inferior mesen* 
tenc artery is smaller than the superior and is the last large branch to 
arise from the abdominal aorta before its division (Fig 13 12) It sup- 
plies the terminal part of the transverse colon, the descending and pelvic 
colons, and the greater part of the rectum Its continuation, which is now 
called the superior rectal artery, supplies the remainder (lower part) of 
the rectum 

The renal arteries are two short, VMde vessels that supply the kidneys 
They arise a little below the origin of the superior mesenteric artery 
The tesiiailar or osarian arteries pass, one on either side, to the 
corresponding testis or ovary 
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The common iliac arteries right and left are the terminal divisions 
of the aorta and are about 2 inches long Each dnides at the letel of the 
intervertebral disc between the last lumbar vertebra and the sacrum 
into an internal and an external iliac artery 

The internal iliac artery di 
tides into an anterior and a pos 
tenor trunk (Fig 13 9) The an 
tenor trunk gives off branches 
that supply the urinary bladder 
the lower part of the rectum and 
in the female the uterus (uterine 
artery) and the vagina (vaginal 
artery) Through a branch called 
the obturator artery it supplies 
the iliacus obturator externus 
and other muscles about the hip 
as vsell as the hip joint itself 
Through one of its terminal 
branches known as the internal 
Fg 1312 Th. ,gf«„ ailery, blood IS del.l 
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gans (vulva and clitoris or penis) 
The other terminal branch— the 
inferior gluteal artety-'-supphes the muscles and skin of the buttock and 
back of the thigh Tlie posterior mink of the internal iliac supplies 
branches to several muscles of the pelvis and about the hip to the sacrum 
and to the gluteal muscles 

The external ihac artery, the larger of the two divisions of (he com 
mon iliac is continued into the thigh as the femoral artery It gives off 
only a few relativelj small branches to the lower abdominal wall (in/c« 
nor epigastric artery) and to the pubic region and groin (pubic and 
cremasteric arteries) 

ARTERIES OF THE lOWER UMB 
The femoral artery 

As mentioned above this artery is the continuation of the external 
iliac arieiy commencing behind the middle of the inguinal ligament Jl 
descends on the front and inner side of the limb to the junction of the 
middle and lower thirds of the thigh where it passes to the posterior 
aspect through an opening in the adductor magnus muscle and descends 
behind the knee joint as the pophtea/ orten (Figs 1313 13 14) The 
upper 3 5 cm or 50 of the femoral artery ire enclosed m a prolongation 
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Pig 13 13 The femorgi artery ond its branches on the enter or ospeet of the 
fJ> gh 


downuards of the fasaae of the abdominal It is ailed the femoral 

sheath and consists of three companmenis The femoral arier) occupies 
the lateral compartment and the femoral Acm the middle one The medial 
compartment, also knouti as Uie femoral canal, contains areolar tissue 
l)TOph vessels, and a Ijanph node The upper end of the anal, sshich is 
situated behind the inguinal ligament, is ailed the femoral ring, and like 
the inguinal anal and inguinal rings is a xveak. part of the abdominal 
tall (Ch 5) A knuckle of bouel or other abdominal structure may be 
forced down the anal, appanng as a swelling on the upper and inner 
part of the thigh This is known as femoral hernia 

The brandies of the femoral artery, with one exception, are rela 
tivel> small and suppl) the lower part of the abdominal wall, tlie external 
generative organs and perineum and muscles in the upper pan of the 
thigh The exception is a large artery ailed the profunda femons, whidi 
spnngs from the femoral trunk 3 5 cm below its commencement It 
plunges deepi) among the muscles of the thigh passing behintl the 
femoral trunk and the femoril vein to the inner side of the femur It 
terminates in perforattn^ branches, which passing backward close to the 
bone supply the postenor muscles of the iliigh 
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The popliteal arlciy, the coniinualion of the femoral arier> from 
the opening in the adductor magnus muscle to the back, of the knee 
joint and through the popliteal space, gi'cs branches to the knee joint 
and to the muscles and skm in the \ianit> (Fig 13 14) The popliUal 
space, or fossa is the diamond shaped space behind the knee bounded 
abo^e lateral!) by tlie biceps fenioris muscle and medially by the semi 
tcndinosus and the semimembranosus, and below b) the it\o heads of 
the gastrocnemius At the losser border of the popliteus muscles thepopht 
eal artery ends fay dividing into the anterior and posiertor ubtal artencs 
The anterior tibial arterj, the smaller of the two divisions of the 
popliteal, commences at the lower border of the jwphteiis muscle and 
pierces the upper part of the interosseous membrane to reach the front 
of the leg (Figs 13 14, 13 15) It lies on the anterior surface of the inter 
osseous membrane for most of its course, but in the lower third of the 
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leg IS in contact with the tibia It crosses the anUe to the dorsum of the 
foot and is here called the donalts pedis artery 

The dorsalis pcdis artcrj passes to tJie 
first interosseous space sshere it turns down 
tsard and enters the sole to complete the 
plantar arch, but a little before the change in 
Us course it gives off a brancli called the 
arcuate artery vvhicli aiclies outward across 
the bases of the metatarsal bones (Fig 13 15) 

This vessel gives off from its convexity three 
dorsal metatarsal arteries whidi pass forward 
on the dorsal interosseous muscles to the clefts 
beiiveen the outer four toes After being 
joined by brandies of the plantar metatarsals 
each divides into two to supply the adjacent 
sides of the toes A fourth dorsal metatarsal 
branch goes to the outer side of the little toe 
Tfie adjacent sides of the first and secoml toes 
are supplied by a brandi (hat springs dtrcctl) 
from the dorsalis pedis just after us arcuate 
branch has been given off 

The posterior tibial artery, vvhidi is the 
larger du tsion of the popliteal artery descends 
on the medial side of the back of the leg (Fig 
13 14) It passes behind the medial malleolus 
into the sole and divides into the medial and 
Ifllerfll plantar arteries About 1 inch (2 5) cm 
below Its origin the postenor tibial artery 
gives oil a large braiidi called the peroneal 
artery, which supplies the muscles of the calf 
and both bones of the leg The peroneal artery 
ends in ihe region ol die anUc and heel by ,3 ,3 3 ^^ 

breaking up into branches for Ihe supply of ,^^1 
neighboring structures on ihe dorsom of ihe foot 

The medial plantar artery runs fonvaird 
with the medial plantar nerve on the medial side of l!ie sole and of the 
great toe it sends branches to join the first second and tlurd plantar 
mentarsal arteries 

The lateral plantar artery, a considerably larger vessel than the pre 
ceding crosses the sole obliquely with the lateral plantar nene to the 
base of the fifth metatarsal bone It then turns inwards again to tlic 
space between tbe bases of the first and second metatarsal bones vshere 
it anastomoses with Uie dorsalis peihs artery Tims an arch known as 
the plantar arch, is fonnetl with its comcxity directetl forward and laicr 
ally Branches from u calleil the plantar metatarsal arteries, supply the 
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sulcs of the toes and send twigs through the intermscom spjccs to ;om 
the dorsal metatarsal arteries as already mentioned 

VEINS OF THE SYSTEMIC CIRCULATION 

{The pulmonary scins arc described in Diapter 18) 

Veins of the heart muscle 

Most of the blood dchtcred to the heart muscle by the coronary 
arteries is drained into the right auricle by the coronary sinus which 
recenes, in turn, blood through \cms ascending on ilic surface of the 
heart The remainder of the blood of the cardiac muscle is drained by 
small \essels that open directly into the auricles and tcntricles 

Veins of the head and neck 

The veins of the skull bone Between the two tables of skull bone (fliat 
is, the diploe) is a system of scins called the diploic scins. They dram 
into the meningeal s ems and tJie sinuses of the dun maicn 

The intracranial veins The meningeal aclns accompany the corre- 
sponding meningeal arteries ami run m the dun mater They commu 
nicate with the superior sagittal sinus and otlier intracranial smmes Tlie 
cerebral aeins drain the substance of the cercbnl hemispheres, and the 
more superficial ones nm. for the most part, m the nsstircs and sulci of 
the cortex and empty into the sagittal sinus The deeper cerebral icini 
dram the interior of the cerebrum Tsvo large scins (internal cerebral) 
join to form a short tnmk in the mid line called the great cerebral acm, 
It empties into the straight sinus 

The Jnfrocronial sinuies The large acins containcti between the lasers 
of the dura mater arc called (Fig J3 Tlicre .are a large nmn 

ber of sinuses, the most important being tlic superior sagillnl, tiifenoT 
sagittal, straight, iraiisierse (paired), jigwioid (pairetl), occipital, and 
caiernous (paircil) 

The superior sagittal sinus runs Irom the crista galli (of ethmoid 
bone) backwarils in the mid line just beneath the skull bone, which it 
grooscs, to the internal occipital protuberance of the ocapiial bone, 
here tt cun.es to one or the other side and continues as a trausierse sinus 
The posterior end of the sagittal sinus ts dilated and is known as tlic 
confluence of the sinuses, but is commonls known by us older and nioie 
fanciful name, torcular Ileropfiih (L., ssinc press of llcrojilulus an 
Alexandrian physiaan of the ihml century n c.) . 

The inferior sagittal sinus runs m the falx cerebri and is conlinunl 
behind into the straight stmts The latter sinus is rnniinueil into that 
transverse sinus ashicli is not the continuation ol the superior saR»nal 
sinus (sceaboxc) 
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The transverse sinuses right md left commence nt the internal 
occipital protuberance One (usually the right) is the continuation oE 
the superior sagittal sinus the other is the continuation of the straight 
sinus Each transverse sinus runs laterally and fonvards to the petrous 
part of the temporal bone whence it is continued as the sigmoid sinus 
The latter bends downwards and inwards grooving the masto d pan of 
the temporal bone and the adjacent portion of the occipital bone and 
then curves fonvard to end m the internal juglir vein through winch 
the venous blood is carried down the neck from the cranial cavity 

The cavernous sinuses are situated one on either side of the body 
of the sphenoid bone Each is interlacetl b) numerous Tdamenis that give 
It a spongy diaracter it receives blood from the orbit (through thesupe 
nor ophthalmic vein) and from some of the cerebral veins and com 
municates with veins of the face This sinus is of considerable clinical 
imf>ortance for it may become infected and the blood within thrombosed 
(clotted) as a result of infection spreading from the orbit nose or face 
The internal jugular vein is the great vein of the neck It descends 
from the base of the skull where it commences as the continuation of the 
sigmoid sinus to the sternal end of the clavicle (Fig 13 17) Here it 
joins the subclavian vein to form the innominate vein It lies in close 
rehuonsliip to the carotid artery It receives tributaries from the face 
mouth pharj-ns and thjroid gland (through common facial lingual 
pliaryngeal and ili)roid veins) The right Ivanphatic duct empties into 
It on the right side Vvhcrc it joins the subclavian ai this point on the 
left side the thoracic duct opens into it 
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The external postenor external and anterior jugular \eins lie more 
superficially than the preceding The external jugular rem commences 
at the angle of the lotser jaw being formed by a ^em (poslerwr aurtcu 
lar) descending from behind the ear and the posterior division of the 
facial \ein (Fig 1317) It empties into the subclavian \em It drams a 
large part of the face and scalp The posterior external jugular and the 
anterior jugular are small superfiaal veins on the side and front of the 
neck respectively ^\hlcll empty into theexternaljugularsem 

The anterior facial tern drams a large part of the side of the face 
nose lips and chin it joins the anterior division of the posterior facial 
\ein near the angle of the jaw to form the common facia! vein winch 
empties into the internal jugular vein 

The posterior auricular and supcrfiaal temporal veins descen I re 
spectively behind and in front of the ear They dram a large part of the 
scalp and join below the pinna to form the posterior division of the 
posterior facial vein The blood drained by the superficial temporal vein 
flow’s into a short vein called the maxillary vein before reaching the 
postenor facial vein The other tributary of the mavillary vein drams 
a deep plexus lying m relation to the pterygoid muscles 

Veins of the thorax 

The innominate veins are formed one on each side by the con 
fluence of the internal jugular and subclavian veins They receive blood 
from the vertebral internal mammary and inferior thyroid veins The 
veins of the two sides join to form the superior vena cava (Fig 13 1) 
This latter large vein opens into the right auricle and cames all the 
blood from tlie head neck both upper limbs and thorax 

Other small veins of the thorax that should be mentioned are the 
two internal mammary veins accompanjmg the corresponding arteiy 
and the azygos vein which ascends in front of the right side of the vcr 
lebral column to the level of the fourth thoracic vertebra where it arclics 
forward and empties into the superior vena cava It receives blood from 
the intercostal spaces of the right side and the superior and inferior 
hemiazjgos veins The latter dram the left intercostal spaces 

Veins of the upper limb 

The veins of the upper limb are in two sets — a deep and a superfictal 
The deep veins accompany the corresponding arteries and are called 
venae comitantcs (sing vena comttans) They usually run in pairs one 
on each side of the artery Starting m the hand the venae comitantcs of 
the smaller arteries jom to form veins of progressively greater diameter 
and in the arm the tv o trunks lying one on each side of the bracliia 
artery are called the brachial veins they are the upward continuations 
of the radial and ulnar veins which accompan) the arteries of the same 
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name The brachial \eins empty into the axillary ^cin the large aein ol 
the axilla lying alongside and mednl to the axillary artery 

The subclavian tern is the continuation of the axillary tern it joins 
the internal jugular vein to form the innominate \etn 

The superficial veins of the upper limb commence as a netv\ork of 
small veins just under the skin of the fingers and become confluent at 
the bases of the fingers especially on the dorsum (Figs 13 18 13 19) 
The larger veins so produced form a network m the palm and on the 
back of the hand The latter known as the dorsal venous plexus is quite 
evident in the living subject It is drained by tuo venous trunks the 
cephalic vein on the radial side and the basilic vein on the ulnar side 
These two veins dram the anienor surface of the forearm the cephalic 
vein from the wrist the basilic vein from the upper part of the forearm 
The venous plexus of the palm is drained by the median aniebracliial 
vein v\hich ascends near the middle of the anienor aspect of the fore 
arm Just below the elbow it joins the basilic vein 

In front of the elbow the cephalic vein gives off a short oblique 
branch that joins the basilic vein then continues up the outer side of 
the front of the arm to a point below the cfancJe uhere it passes deeply 
between the pectoralis major and deltoid muscles to empty into tie 
axillary vein 

Tlie basilic vein ascends on the inner side of the front of the irm 
at about the middle of which it passes deeply and ascending to the axilla 
IS continued as the axillary vein 

Veins of the lower limb 

As in the case of die upper limb the superficial veins of the lower 
limb commence as small veins of the digits that form networks on tlic 
dorsum and the sole of the foot The blood from Uie foot is drained by 
the tw o V eins called the hng and the short saphenous 

The long saphenous vein is the longest vein of the body extending 
from the inner border of the foot to ihc upper part of the thigh (Fig 
IS 20) It drains the sole and dorsum of the foot and ascends in front of 
the medial malleolus then on the side of the leg knee and thigh m the 
upper part of the latter it indmes to the front and ends by joining the 
femoral vein in the fcmoril sheath about 3 cm below the inguiml liga 
ment 

The short saphenous vein commences behind the outer malfeohw 
and ascends in the middle of the calf to the back of the knee joint a little 
above which it empties into the popliteal vein 

The saphenous veins are of considerable surgical interest because 
they arc susceptible to dilatation and sacculation the condition being 
known as varicose veins The tendency of these veins to become varicose 
is due to the weight of the long column of blootl that they arc called 
iijion to support in the standing position Any circumstance tint causes 
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a resistance to the upt'rard flow of \enous blood as by pressure upon the 
pehic terns by the pregnant uterus or a tumor increases this tendency 
Normally the valves m the teins break the long blood colums into smaller 
sections and m this way considerabi) relieve the tein t^a^ from the 
tveight of blood but once any marked dilatation of the tein occurs the 
leates of die tahes fail to meet and perform this function and the dilata 
lion of the veins then progresses more rapidly and becomes more pro- 
nounced 

The deep teins, like those of tlie upper limb accompany the cor 
responding arteries and are named similar to their companion arteries 
Tims there are the anterior and posterior tibial lems* in the leg which 
unite to form the popliteal vein at the back of the knee the latter after 
passing through the opening in the adductor magnus opening becomes 
the femoral vein The femoral lein at the inguinal ligament becomes the 
external ihac vein 

Veins of the pelvis and abdomen 

Here again the veins accompany the corresponding arteries and 
dram the organs or areas that the latter supply There are the external 
and internal iliac veins which unite to form the common iliac \em The 
common tJiac veins of the two sides unite to form the tnfertor vena cava 
(Fjg 13 9) 

The inferior vena cava is the great vein of the abdomen and corre 
spends m the venous s}S(em to the abdominal aorta in the arterial system 
It ascends on the nghi side of the abtlomiml aorta and passing through 
an opening m the diaphragm empties into the right atrium of the heart 
It drams blood from the loner half of the body nah the exception of 
the stomach intestines and spleen The blood from these organs drams 
into the portal vetn as described m the next paragraph 

The portal vein is formed b) the union of the superior mesenteric 
and splenic veins Besides these the chief tributaries of the portal vein 
are the right and left gastric veins The blood from the large intestine 
also reaches the portal vein for the inferior mesenteric vein which col 
lects blood from the large bowel is a tributary of the splenic vein The 
portal \em is peculiar in that though like other veins it drains a capidir) 
area it breaks up again in the liver into a capillar) network Thus all 
the products of the digestive processes are carried to the liver where il e 
blood comes into direct contact with the hepatic tissue and undergoes 
cliangcs preparatory to their utilization b) the general tissues of the 
bod) The blood after passing through the liver is earned b) a number 
of short vessels — the hepatic veins — to the upper part of the inferior 
vena cava 

‘The anterior and posterior l but veins ran In pairs as lenae eomiiantfs thf 
anterior tibiat veins are the cxintinuat on of the venae comiianies of the dorsal * p«i 
artery 
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The heart is ^ highl) efficient For iis size it is cipible 

of performing an almost maeclible amount of uork It is also able 
automatically to ndjust its perfonnance to the amount of work it is re 
qutred to do A powerful man doing heavy t\ork or running a nee ma) 
pump 6 gallons of blood from ht$ heart m a minute It would take about 
three ordinary tvacer buckets to hold that amount of blood, and it would 
take more than a minute to fill them from a hand pump many times 
larger than the heart Moreover, this gicat quantity of blood is thrown 
from the heart against a high pressure If vtc could tap the great artery — 
the aorta— and allow the blood to escape in a straight vertical pipe 
between 6 and 6 feet high, the blood would be forced to the top Tlie 
heart has two "cylinders — the left and right ventricles — both of which 
discharge their contents at each beat The heart derives its power from 
the contraction of muscular tissue iliai, as we have seen, composes its 
walls 

The heart valves A pump in order to dnve fluid through a sjstem of 
tubes, must be able to raise a pressure within its cylinder, and must pos 
sess valves so that no energy ts wasted by forcing the Ihnd in a wrong 
direction (Fig 1‘12 and Plate Ilh) The valves of the heart are thin 
membranous leaves placed at the openings from atna to ventricles and 
at the openings of the aorta and the pulmonary artery (Fig M 1) The) 
are opened and closed by the pressure of blood on one or ilic other of 
their surfaces Each set of valves will open in one diretion only, those 
between each atrium and ventricle open downward into the ventricle, 
they are called the atno- (or aunculo-) vcntnailar valves Those guard 
ing the openings into the aorta and the pulmonary artery open into these 
vessels, and are called the semilunar valves, or, more pnrticularl), the 
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14 t The r ght tide o(|jhA o 1 um ond 

venfrfcre cut oway 1 o show fhe pufmonory ond r ght ptrioveMneufer 
valves the pop llory muscles ond cords ninn ng from these to the 
voire leaves The arrow posses through the operrng between otrum 
ortd ventncfe 


aortic or pulniomrj raUes Mttral ant! triciiipid arc also names gitcn. 
rcspcctuel) to the left anti nglit atriosentricuhr \nltc5 

Cords (chordae tendsneae), like ropes of a panchule mn from the 
toIsc leaflets to fleshy pillars (papillary muscles) that arise from the 
walls of the scntnclcs These cords prc\cnt the \nhcs from being forcct! 
upunrd tnto the auricle svhen the \cnincle contracts (Fig H 1) Hut 
neither the) nor the papilhr) musefes ha\c any action in doting the 
s^lvcs TMien the contraction ocnirs the pressure uiihin the casiij of 
the \entncle rises and the sahes bctssccn the auricle and scniriclc arc 
closetl As the pressure mounts still htgiicr the salves at the oficnings of 
the arteries (pulmonar) ami aorta) are forced open and the bJ«xl 
rushes into these great arterial mams \\ hen the s-cntricles relax again 
and the pressure sviiliin these chambers falls bclots lint existing m the 
great arteries (he valves close The pressure in the ventricles continue* 
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to fall for a tvhile and when it falls bclois the pressure m the auricles 
the ^•aI\es m the floor of tliese chambers open and allow blood again to 
fill the ventricles 

The filling of the \entricles the closure of one pair of ^TiUes fol 
lowed b) the opening of the other pair, the ouirush of blood from the 
•\entndes and finally the relaxation and refilling of the sentncle are 
repeated again and again with perfect r^ulanty 70 times or so each 
minute 


THE WORK OF THE HEART 
Cardiac output 

As in the case of other maclnnes the worh of the heart is computed 
from the height (blood pressure) to uhicli a weight (quantity of blood) 
IS raised The heart is the most industrious and indefatigable ssorter of 
the body At every beat the left ventricle of a man at lest exerts a force 
sufficient to lift a weight of over 2 ounces to a height of over 5 feet Each 
hour It does an amount of vvork equivalent to raising a vveight of 500 
pounds to die same height The work performed m 2-1 hours by the left 
ventricle alone of a man lying quietly in bed equals that required to 
raise the weight of his body to the top of a 40 story building 

During strenuous muscular exercise, the heart s work is increased 
many times, for it not only pumps out more blood per minute but docs 
so under a higher pressure The quantity of blood that the heart pumps 
into the arteries each minute is called the cardiac output, or the muiufe 
volume of the heart A healthy nnn can increase his cardiac output from 
around 5 liters per minute during rest to over 20 liters during very 
strenuous exerase In order for the heart to perform this amount of v\ork 
the flow of blood through its own arteries (coronary arteries) must be 
increased enormously to furnish its muscle with the necessary quantity 
of oxygen (Ch 18) 

The cardiac cycle, or beat 

The senes of different actions that the heart performs in succession 
IS spoken of as its cycle, or beat Starting with any one of the separate 
actions or movements of the heart, die sequence of cardiac events that 
takes place until that particular action commences to repeat itself con 
stiUites a cardiac cycle The contraction of the heart is called systole, its 
relaxation is called diastole {Fig 112) A amipanson between the heart 
muscle and a skeletal muscle may be drawn to show these tv\o phases of 
the cardiac cycle If the reader will grasp the biceps of one ann with the 
opposite hand and alternately bend (flex) and unbend (extend) Ins 
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elbow he will feel the muscle become firm ami round when il coniracis 
and hat and soft when it relaxes Tliough the biceps is solid not hollow 
like the heart its contraction coiresponds to the sjsiole of the scntncle 
and us relaxation to the diastole 

In order to follou the successue acts performed 
by the heart let us start at that moment sshen the 
sentrjcle js relaxed (diastole) (Fig 14 3d) that is at 
the end of the sentncular contraction (sjsiole) at 
die moment when the semilunar sTihes nt the open 
mgs of the arteries base just closed and the atriosen 
tricular sahes hate not yet opened The blood at this 
time pours into the auricles a fraction of a second 
later the tabes between auncles and ventricles open 
and the blood streams into the ventricles (Fig H 3Z?) 
Soon the ventricles are filled or nearly filled The ama 
at this moment contract to give an extra spurt to the 
blood and practically empty themselves into the \en 
tricles (Fig USC) As though at a signal theventn 
cles contract At once the vihes of the atna close but 
the semilunar valves have not jet opened The mus 
cles of the ventricles continue to contract and press 
upon the mass of blood in the vcnincles The pres 
sure wiUitn the ventricles rises to a great height— 
a pressure sufficient to support a column of mercury 5 inches (120 mm) 
high or to throw a stream of blood or vvater to a height of 5 feet or more. 
The sTthes guarding the arteries are forced open and a flood of blood 
pours along llie aorta and all the arterial channels (Figs 14 5D and £) 
After their brief contraction the ventricles relax again then the pressure 
within their cavities falls the higher pressure in the arteries closes the 
semilunar valves and this cycle comes to an end Another cycle b^ms 
immediately 

Cordioc muscle Functionally the heart muscle or tn)(xnrdj!/rn re- 
sembles smooth muscle since it contracts rhythmically and invoUmtaril) 
and IS controlled by autonomic nerves let it bears a likeness to skeletal 
muscle in that us fibers are cross sinaietl It differs however from both 
the smooth and skeletal varieties for us fibers are not entirely separate 
they are connected by slips to forai a continuous sheet or syncytium 
throughout which a contraction spreads without intemipiion Cardiac 
muscle in common with skeletal muscle shows treppe and tire all or 
none law (Ch 4) But it has a long refractory period being inevcitablc 
during systole it cannot therefore be letanized Though the auricles and 

ventricles are separatevl superficially by fibrous tissue they are conunuous 
within the heart through the alnoventncoJar bundle (Ch Id) 



Fig 14J3 SeclQiu 
of venlrdes A dur 
mg d evfole B dur 
ing systole R.Vv 
rghtveninde LV, 
left ventricle (After 
Ludw 9 ) 
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Fg 143 D agrom to ihow d flerenl photes of the cord oe cycle A olra 
fill ng vafves between etna ond ventr cte* closed ventr cfe reloxed volves 
ot orter ol openings closed 6 valves between the etr o end venir eles have 
opened and blood is pourng nto the vents des wh ch ere sill relaxed 
C otr e contract and empty into the ventr cles wh ch ore filed to copoc 1y 
D ventricles contract and close the openng Into the et o the pressure 
then rses ropdly and when sufToenily hgh to overcome the pressure n 
the pulmonary ortery (or the aorta in the cose of the left ventr cle) the 
volves guard ng the or hce of the ortery open ( n th s sketch the volves ore 
St II closed the ventr cle is therefore a completely closed canty) t the 
sem lunar valves have been forced open ond the blood is now be ng forced 
Into the pulmonary system (or aorta) The left s de of the heort is drown 
as though empty in order to show more cleorly the pos I ons of the valves 
but It must be remembered thot whatever is occurr ng on the r ght s de of 
the heort is ocevrr ng ot the some imtant on the left side 


The pulse 

Each beat of the heart causes a pulse m the arteries that can be felt 
as a light tap or impact if one presses a finger lightly o\cr an) large 
ancr) The most usual place to feel for the pulse is o\er the radial nrtcr) 
nt the ssTist But it must not be thought that the radial is different from 
any other artery in so far as the pulse is concerned It is usually chosen 
simply because it is consenicmly situated The heart rate and tlierefore 
tlie pulse rate of a man at rest mentally and pliysically is about 70 per 
minute ^Vhen hard work is done the pulse quickens and in scry siren 
uous exercise it may nse to 180 j>cr minute Emotion an<l excitement also 
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cause an increase in the pulse rale. In ill health fescr is the most common 
cause of rapid pulse 

It IS a general rule that the smaller the animal the more rapid » im 
heart rate— that is the shorter is the hearts cjde An elephants heart 
beats only about 25 times per minute a mouse or a canaty has a heart 
rate of 1000 or more per minute The action of a baby s heart is about 
tuice as fast as that of a fuHgrotvn man It is impossible to count tiie 
heart rate of \erj small animals by the ordinary means special electrical 
methods are employed to record it 

Students often misunderstand the nature of the pulse because tl cy 
think that the beat is caused by the (low of the blood in the radial artery 
The pulse is actually a uase set up in the walls of iJie sessels and in the 
blood contained sviihin them by the systole of the \eniride. Tlie tnturc 
of the pulse may be made clear by means of an illustration If an ehsuc 
band is stretdied beti een ts\o ngtd supports and struck lightly or 
pfucketf at one end a coarse sihration 
or sMse travels to the opposite end 
Tlie impact upon the wall of the aorta 
by the blood discharged from the sen 
mde tnsels through the imlli of the 
arierjal system in a similar Tnanner 
The highly clastic wall of the aorta is 
expanded by the contents of the sen 
tricle but immediately recoils again 
TTius a svase of expansion and recoil 
— a smse with a high and a lou pres 
sure phase — 1 $ set up and tnrismitted 
at high velocity even to the smallest arteries (Fig 14^) 

Tile more elastic the walls of the vessels the more slowly do« the 
pulse ssave travel The speed of the vvave is therefore considerabh 
greater in an old person than in a child because the arterial walls become 
suffer and harder and consequently levs elastic with advancing years 
The speed of the pulse wave is quite independent of the speed of the 
blood iiseif ^\e can dcmonsiraie this fact by tying off a large artery 
The blood m the vessel is brougfu to a standstill yet the pulse is not 
abolished and its speed is not at ail reduced (Fig 14 5) The mass of 
blood ejected by a beat of the Iieart does not reacJi a peripheral ancrv 
(for example the radial) until a fraction of a second after the arrival 
of the pulse wave that the ejected blood had started 

The apex beat and the heart sounds 

The heart muscle becomes hnrdcr and more rounded in form when 
It contracts During systole it bulges foniard rotates a hitic to the rigl i 
and presses against the chest wall between the fifth and sixth ribs at a 



F g 14 4 A record of the puUe wove 
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Fg 14 5 Success ve stages n the 
t ansmsson of the pulse in a I 
gofed erlery 

point a little to the right and below the left nipple \ si ght soundless 
tap caused by the heart as it touches the chest uall can le felt m this 
spot with the fingers placed flat against the skin It is called the apex beat 

The sounds that are heard svhen the ear is pressed against a person s 
clicst or when a special instrument known as a stethoscope is em 
plo)ed are made within the heart itself There are two sounds lieard m 
quick succession a slight pause follows and then they are repeated The 
sounds resemble the syllables lub and dup for the first sound lasts 
longer is softer and has a deeper pitcli than the second which is short 
sharp and of higher pitch The Brst sound ( lub ) is composed mainly 
of two sounds blended together These are {1} the aibrations set up b) 
Uie contnetion ol the heart s jnuscSe mil (2) ihe vibnuons caused by 
the valves between the aina and ventricles closing and their leaflets being 
put under tension by the pressure created m the ventricles at the com 
mcncement of S)stole TJie second sound ( dup ) is purely valvular in 
origin that is it is due to the vibrations set up by the closure of the 
valves at the openings of the pulmonary artery and aorta 

So long as the valves come together tightly and accurately no blood 
can leak through in the v rong direction and the lieart performs its work 
with the efficiency of a good pump Disease however not uncommonly 
attacks one or more sets of valves causing them to become deformed stiff 
or partly destroyed The affected valve may then be unable to close as 
tightly as It should in order to prevent the leakage of blood Or it may 
not open freely and so offer an impediment to the flow of blood through 
the opening it is supposed to guani In either instance the heart docs its 
work less cffiaenlly 

A heart with a defective valve ts at a mechanical disadvantage it 
must do more work than the healthy heart in order lo maintain the circu 
laiion in any circumstances but especially during muscular excrase Its 
muscle becomes thicker or hyperiropliietl and its caviiv dilated These 
changes enable iJie heart in most instances to compensate for its handi 


3 ^ 
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cap and provided that the heart muscle itseH does not fail good heahh 
may enjojed for years by one whose heart has a valvular defect Exer 
cise even of a severe nature vvtH not injure a healthy heart but it may 
be dangerous for a penon u ith a diseased heart \ ilv e and a hypertrophied 
or V eakened heart muscle to undertake strenuous muscular work. 

When a set of valves is diseased the clear sound caused by the closure 
of healthy valves is no longer heard There is heard instead a rushing 
or smshing sound resulting/rom the leakage backiiards of the blootl or 
from the obstruction to the flow of blood through the opening The 
physiaan by listening to the beats of the heart can detect these unusual 
sounds called heart murmurs and thus locate the diseased valve Rheu 
matic fever and certain contagious diseases especially scarlet fever are 
most commonly responsible for the deformities of the heart valies 

^Vhen the edges of a valve fail to meet accurately and form a tght 
seal a part of the blood is allowed to leak back into the chamber from 
vvhidt It has just been dnven the blood is said to regurgi/aie and the 
valve — aunculovenincuhr aortic or pulmonary— -is termed incompetent 
hen stiffening or deformity of a set of v ahes cm ses an impediment to 
the flow of blood from an auricle to a ventricle or from a ventricle into 
the aorta or pulmonary artery the narrowing due to such defect is called 
stenosis Hence mitral (left aunculoventricular valves) tricuspid (nghl 
auriculoveniricular valves) aortic and ptihnonaiy stenosis are terms for 
narrowing at the various orifices of die heart 
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Pressure 
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William Haney pro\ed that the blood made a arcuit 
through die body — that u was ejected from die left \entncle into the 
arteries and returned to the right side of the heart by the veins Yet he 
did not know that the blood cirailated at a high pressure — or, if he held 
any opinion upon the matter, he made no comment He probabl) 
thought, with the men of his day, that the blood currents were somewhat 
sluggish streams->tlnt the (low through the arteries resembled the (low 
of water through canals or drams rather tlnn the swift rush of fluid 
dirough closed jiipcs 

An English clergyman the Ucv Stephen Hales m 1733, wav the first 
to demonstrate the higli pressure of the blood in the arteries He inserted 
a small brass tube into a large artery of a horse and connected the small 
tube to an 8 foot glass tube placed m a vertical position ^Vhen the clamp 
w'as removed from the artery, the blood rushed into the tube and rose 
nearly to the top The top of the column of blood was observed to 
fluctuate up and down at each beat of the heart 

Since Hales day much more convenient methods of taking the blood 
pressure have been devised Instead of a long empty tube, a small tube 
bent into the form of a U with the bend Tilled with mercury is now em 
ployed (Fig 15 1) This instrument is called a manometer The blood 
presses upon and raises the merairy, which, being some 13i/^ limes hcav 
ler than blood, rises only a few indies instead of several feet For tins 
reason it is customary to express the amount of the blood pressure in 
terms of the hciglit m millimeters of the column of merairy (abbreviatetl 
as mm Hg‘) that it will support, Tims we speak of the blood as having 

* Ilg is llic 8smb«l for /i)rfrorg>rww meicur) 
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a pressure of 120 to 150 mra Hg as the case ma> be There were no 
anesthetics in Hiles di) and so the amma] must have siiflered patxt 
Today whenever u is necessary to demonstrate directly the blood pres 
sure m an animal, an anesthetic is always used and no pain is ever 
occasioned 

Systol e ond d asfol c pressures When the aortic valves are open and 
the ventricle contracts and forces blood into the arteries it is apparent 
that the pressure in the arteries must reach its highest point Uhen on 
ihe other hand the heart relaxes and the aortic valves close the pres 
sure must decline again Just before the next contraction of the heart 
occurs the arterial pressure must reach its lowest level Since the hearts 
contraction IS called sj stole and Us relaxation diastole (Ch 14} ihehigh 
est point of pressure in the arteries is termed the systolic pressure and 
the lowest point is called the diastolic pressure The mean pressure is 
usually taJ^en as the average of these two values (Fig 15 2) 


Fig 15 2 The phases of the arte- 
r ol blood pressure 
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HOW THE BLOOD PRESSURE fS CREATED AND MAINTAINED 

Practically e\ery part of the bod) must recei\e a regular supply of 
oxjgen, or the cells that compose it will \ery soon deteriorate ami finally 
die To deliver this supply of oxygen blood must be moved svMftly and 
under sufficient pressure so that it may be forced into the most distant 
regions of the body If the blood pressure falls below a certain level the 
tissues will be supplied with blood very poorly, or not at all The brain 
will no longer carry out its functions unconsciousness ending m death 
will result It IS important then to inquire into the means by vvhicli the 
stream of blood is kept at the necessary pressure 

In order to understand the factors upon which the artenal pressure 
depends lei us return to the comparison that was made on page 200 
between the circulation and a municipal water system The complete 
water system that serves the houses of a city consists m reality of two 
divisions These are the pump and the large water mams on the one 
hand and the drams on the other (Figs 12 1, 122) Between these two 
div isions are a large number of separate faucets When a faucet is opened 
water flows out and is collected and earned away by dram pipes which 
m many cities empty their contents into the same large body of water 
from winch the pump ts fetl In the water mams the pressure is many 
times greater than m the drams 

The circulation of the body is also divisible into a high pressure 
system — the arteries — and a low pressure system — the capillaries and 
veins The pressure in the latter vessels is only a fraction of that in the 
arteries Between the two systems a number of small vessels are situated 
which at one time may open widely and at another time may be tightly 
closed These vessels called arterioles, were discussed m Chapter 12 The 
v\alls of these fine tubes are composed of muscle fibers v/Iiich run cir 
cularly around them Wlien these muscular rings contract the caliber 
of the vessel is reduced less blood can flow through it and we say the 
vessel has constricted (p 2G3) When the muscle relaxes the caliber of 
the tube becomes larger more blocnl escapes into the capillaries and wc 
say ihe vessel has dilated The arterioles therefore correspond to the fau 
cels in the water system a greater or a smaller quantity of fluid being 
permitted in each instance to pass from the high to the Iovn pressure 
system Figure 15 3 shovv's the fail in pressure that occurs m the circula 
lory system from the left to the right side of the heart 

The following factors arc responsible for tnamiaming the arterial 
blood pressure 

1 Pumping action of the heart 

2 Peripheral resistance 

3 Viscosity of the blood 
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Rg 15 3 Graph cf tk« arterial blaad prewre fhrougfiow* ifie oreufofion 
Note the very low pressure of blood entering the right ouricle ond the sharp 
drop in pressure in the reg on of the ortenofei. 


4 Quantity of blood m the arterial system 

5 Elasticity of the arterial walls 

We shall say a few words about the role played by each 

Pompmg ocliori of the heart The arterial pressure wall be raised if the 
quantity of blood that the heart discltarges into the arteries each minute 
(cardiac output) is increased This i$ obvious, since the arteries will con 
lam more blood, the blood will distend their walls more fully Should 
the pump expel less blood in a giten time, the pressure will fall These 
statements howeser, hold true only provided the four other factors men 
Honed above remain unclianged Like any other pump the heart may 
increase the quantity of flutd disdtarged during any period by increasing 
the quantity that it expels at each beat while the number of beats per 
minute remains the same or it may increase the discharge by beating 
more frequently while (he quantity of blood discharged at cadi beat 
remains the same Again, it may inaease both the rate ot its beat and 
the quantity discharged at each beat 

Peripheral resistance This time honored term is applied to the re- 
sistance that the great number of small arterioles offer to the flow of 
blood out of the artenal system into the capillaries and veins all 
know that it is more difficult to drive fluid along a narrow tube than 
along a wide one because there is more fnciion It has already been men 
tioned that the arterioles can since they have muscles in their walls be 
constricted or dilated The resistance to the flow of blood will be greater 
and less blood will therefore pass m any given time from the artenal 
system vvhen the arterioles are constrict^ than when they are dilated. 
Just as the pressure m a towms water system would fall sharply if the 
faucets in all the houses were suddenly opened at once and more water 
allowed to flow into the sinks and drains, so, Vvhen the arterioles are 
dilated and more blood streams mto the capillanes and veins the artenal 
pressure falls, vvhen the arterioles are harrowed the pressure rises Of 
course, m the aitenal system the pressure does not for long continue to 
rise or to fall but does so only until the volume of blood entering the 
arteries from die heart and leaving by the arterioles is again equal The 
arterioles may therefore be compared to a dam in a nver, when the 
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dam is raised or louered, after a time, the same volume of water flows 
o\er It as before 

Under ordinary circumstances the arterioles are ne\er either full) 
dilated or completely closed but in a state somewhere in between This 
partial contraction of the \essel walls is called vascular tone and is de 
pendent mainly upon nerses (Cfi 17) but afso on the inherent contrac 
tile power of the smooth muscle of the arteriolar walls for their tone is 
not completely and permanently abolished by cutting all nerves suppl) 
mg the vascular muscle The caliber of the small vessels is also acted 
upon by hormones and other chemicals m the blood 

Viscosity of the blood Perhaps tJie simplest way to define the terra 
viscosity IS to say that it refers to the thickness or stickiness of a fluid 
Fluids such as syrup and molasses arc many times more viscous than 
water, blood is five times more so A viscous fluid flows more slowly 
along a tube than other fluids, and more force is required to dnve it 
through, since more friction is developed between its molecules If two 
syringes are filled, one with water and the other with a heavy oil, it will 
be found that a very mudi greater force must be exerted upon the 
plunger, and a greater pressure must be created m the barrel of the 
svringe to force out the oil than to drive die water from the syringe 
noizle The oil has a higher viscosity than the water In the same way, the 
viscosity of blood being higher than that of water, aids in keeping the 
blood pressure at the usual level, the blood flows less freely dirough the 
fine arterioles than w ould water or saline 

Qifcfit/fy of bhod in the arterrol system h is tjinie apparent that an} 
pressure system must contain a sufficient amount of fluid to fill its chan 
neis before any degree of ptessure can be developed The walls of the 
arteries can be strcidied, so in reality the system am be overfilled The 
more blood, therefore, that is contained in the arteries and the more 
their vvalls are stretched, the greater will the pressure be If blood is lost 
by iiemorrhage, the pressure will fall, fluid injected into the arailaiion 
causes ihe pressure to rise {Ch 7) 

Elasticity of the arterial wolls The arteries are plennrully supplied 
With elastic tissue fibers In the normal healthy body the arterial system 
IS overfilled, the walls of the vessels being at all times slightly stretched 
At each beat (systole) of the heart an extra amount of blood is dis- 
charged from the ventricle and the walls are stretched still further ^Vhen 
the heart pauses again — that is during ns diastole — the stretched walls 
of the arteries recoil to their previous state almost as readily as a rubber 
band that has been released from a virctching force When the walls 
recoil in this way, they press u/xiii ihc blootl ami force it onward thrmigli 
the arterioles during the pause of the heart Tlial is to say, the blood 
pressure does not fall to zero between beats — the diastolic pressure is 
tnainiamed. and the flovs of blood into the cnpillancs and veins is con 
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tinuous and not m squirts The capillaries and \ems therefore unlike 
die artenes do not pulsate In a sviter system the pipes arc made of non 
elastic, rigid maternl but ase knots that thougli tlie traicr is forccil into 
the system by a pump dnt uorks intcnnmentlj like the heart the t-atcr 
flous from the faucets in a continuous stream not in jets Tins cITcct is 
obtained either by pumping the uaicr up to a resenoir situated at a 
considerable height from \shich it flosssstcadily by grasay to the fauccu 
or by employing a standpipe The standpipe js a large vertical cylinder 
closed at its upper end and originally filled vsilh air W hen the uatcr vs-as 
allowed to fill the system the air was driven to the closed enl of tie 
cylinder and there compressed by the nsing vsaier Thus entrapped the 
air acts as an elastic cushion against wliicli the water is forced by each 
beat of the pump The pneumatic cushion as it expands after cadi beat 
forces the water along the supply pipes in a continuous stream to the 
faucets 

In the circulation another factor is required to convert the Huctuat 
ing pressure in the artenes to an even flov\ in the capillanes and veins 
The arterioles must be m at least a moderate state of constriction They 
should o/fer a certain resistance to the fJou of blood thus causing the 
arterial walls to stretch which is saying again that the arterial system is 
overfilled When the anenoles become vvideJ) dilaiei) the capillaries in 
certain regions sucli as at the base of fingernail puUaie as indicated by 
intermittent flushing of the fingernail synclironous with tlie hnrt beats. 
Hence both factors clastic walls and tlie resistance oflcrctl by partially 
closed artenoles are required to maintain tlie diastolic pressure and 
thereby drive the blood in a continuous stream into the capillaries and 
veins If tfie arterial walls were rigid or the small vessels dilatof to the 
maximum there would be no diastolic pressure and only an iniemmtcnt 
systolic pounding on the vasailar walls 

The normol blood pressure levels 

The bloml jircssiirc vanes considcnbly in different speacs but tl cic 
IS no consnient relationsliip between its hciglu and the sue of the animal 
It IS higher in the dog tlnn in man and if we should dctcnnme lie 
artenal pressure of an elephant and of a mouse we sliould finl little 
difference between the two mcasurcnicms The blood pressure in cold 
blooded animals IS however much lovvcr than in mammals 

Though the arterial hlood pressure of a young man of abotu 20 scan 
of age IS usually given as 120 mm Ilg systolic and 80 nim diauol f « 
shows a considerable range~from 110 to 124 mm Ilg— omon,. hcahlir 
persons It is somewhat lower in women than m men and mudi Io'*er 
before puberty than after rcarhing the adult level around 17 
of age 



The Arterial Blood Pressure - 249 


VARIATIONS IN THE BLOOD PRESSURE 

Physiological It is usual for the arterial blood pressure to rise stcachly 
With advancing years though many authorities denj that it is i purely 
physiological process Nevertheless it occurs in a large proportion of per 
iectly healthy persons Whale a blood pressure of 140 mm Hg for exam 
pie, in a young man or woman would be considered abnormally high 
It would arouse no serious concern in a person of 60 years of age A per 
manently low blood pressure — between 90 and 115 mm Hg — occurs in a 
certain percentage of the general population and causes no ill effects 
It IS considered indeed to be conducive to or at any rate associated with 
long life and is therefore heartily approved by insurance companies 
Normally a slight rise in the diastolic pressure occurs when a person 
rises from the recumbent to a sitting or a standing position it is due to 
the reflex constriction of the arterioles This response counteracts the 
effect of gravity upon the aratlation and prevents the brain from being 
deprived of an adequate blood supply But even a healthy person may 
experience a feeling of faintness if he rises too quickly after a lengthy 
period of recumbency as ulien awakened by the ring of ihc alarm clock 
he jumps suddenl) out of bed The vascular reflex mechanism taken 
unawares does not respond with its usual briskness 

Muscular exercise is the commonest cause of a physiological rise in 
blood pressure In very strenuous muscular effort the s)stoIic pressure 
may reach a level of 180 mm Hg In addition to reflex lasoconsinction 
and an increase m the output of blood by the heart there occurs a dis 
charge of adrenaline into the blood stream whidi •augments the nervous 
factors Very strong ernolion, such as anger, fear or excitement has a 
similar though usuall) less pronounced hypertensive effect 

Potholog cal In the disease known as higfi blood pressure or hyper 
tension, the blood pressure is considerably above the normal level for 
the persons age It :s permanently as high or liigher than that of a 
healthy man performing strenuous muscular exercise The systolic pres 
sure may be 300 mm Hg or more and the diastolic over 150 mm Hg 
when the patient is at rest If it were possible to place a long glass tube 
in the arter) of such a person as Stephen Hales did in the artery of a 
horse, the blood would rise to a height of more than 12 feet instead of 
between 5 and G feet as it would m a healthy man 

The elevated arterial blood pressure is the result of incrcaseil pcnpli 
cral resistance that is of undue narrowing or constriction of the arie- 
noles througlioui the body — the capillaries and veins are not invohetl 
m the general vasoconstriction Tliese arc undisputetl facts but the cause 
of the increase in peripheral resistance is not known with ccrtaint), 
however, the expcriiucnis of Dr Harry Goldblatt of Cleveland have 
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made it \er> probable that in one type of the disease at least, some 
interference suth the blood supply to the hidncjs is rcsjwnsiblc It has 
been recognized for man> )ears that high blood pressure u common tn 
sesere disease of the kidneys Doctor Goldblatt prcKluced pcmiancm 
hypertension in dogs comparable in all respects to hypertension in man 
by narroiMng the mam artery to the kidney using a siher clamp espe- 
cially devised for the purpose When the artery is narrowcil in this \v 2 y 
the kidney secretes a substance known as renin into the blood stream 
which results in constriction of the arterioles throughout the body Thus 
the peripheral resistance is increased Such an edect it vmII be undersiooil 
from what has been said in rQjard to maintaining the normal blood 
pressure must inevitably result m hypertension 

The strain and extra work thrown on the heart by the inaeascd 
peripheral resistance results m dilatation of the heart (left xentnde) and 
hypertrophy of its muscle 

Low blood pressure is known as hypotension Tiie blood pressure 
may drop to a datigerousiy low level tlunng general aneslfiesta fwfgirfl/ 
shock or severe hemorrhage A profound fall may also result from some 
sudden emotional disturbance and cause jointing A permanently low 
blood pressure is also not unusual in debilitating diseases In one rare 
form of hypotension called postural hypotension the blood pressure 
falls when the standing or sometimes even the sitting position is assumed 
As mentioned above the normal res|>onse to sucli a cliange m position is 
a rise m pressure 


Measurement of the blood pressure in man 

If we wish to measure the blood pressure of a human being we must 
do It indirectly that is without opening an artery as may be done in 
animals The measurement is made in the following way z\n airtight 
(lai rubber bag covered with cotton doth is wrapped around the arm 
above the elbow (Fig 15 4) The culf or armlet as it is called is pro- 
videtl with two rubber tubes whicli open into its interior One of the 
tubes IS connected with a manometer, which consists of an upright glass 
lube of mercury fixed to a millimeter scale The oilier tube of the armlet 
IS attached to a small rubber bulb provided with a valve By means of 
the bulb and lube the armlet can be inflaicd and a pressure acatetl m 
Its interior The air pressure is recorded by the manometer It is evident 
that if v%e can counterbalance the pressure in the large artery of the arm 
with air pressure and read from the manometer the value of the air pics 

sure used we will know the value of the blood pressure in the artery It i* 
simply a matter of a[)plying an amount of air pressure from without that 
will just balance the pressure uiilnn ihc large (brachial) artery of the 
arm The pressure in the armlet is therefore raised by means of the bulb 
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until no blood can pass to the sec 
tion of artery below the culf This 
IS indicated by the disappearance 
of the pulse at the wrist The ex 
aminer then listens with a stetho- 
scope over the artery just below 
the armlet as he gradually reduces 
the air pressure he lowers the air 
pressure by cautiously releasing 
the valve on the tubing near the 
bulb The instant that the ar 
tery opens a little and allows 
blood to escape below the cuff a 
faint tapping sound is heard The 
height of the mercury column of 
the manometer is read at this mo- 
ment the reading represents the 
systolic pressure The examiner 
continues to lower the air pressure 
slowly until a soft murmur is 
heard all sound then disappears 
The manometer reading at the in 
stant that the change m the sound 
occurs gives the diastolic pressure 
The blood pressure vanes in 
different parts of the circulation 
It is highest in the great arteries 
such as the aorta and its brandies 
and lowest in the great veins 
opening into the right ventricle 
That IS to say there is a gradual 
fall in pressure throughout the 
systemic circulation from the left 
to the right ventricle The pres 
sure m the aorta is over 120 mm 



^9 15 4 Top the monner in wh ch the 
blood pressoro ts meetured In man this m 
coUed the ai/seuhofory method Bollom a 
crow jetton of the arm w th the ormlet 


wrapped oround t and connected w th the 


mononrofef 


Hg whereas it is less than I mm Hg in die venae cavae (Fig 15 3) 


THE DIFFERENCE BETWEEN ARTERIAL AND VENOUS BLEEDING 

TVhen an accident has occurrctl and blootl is lost it is ofien impor 
tant to know whether the liemorrhage is due to ihe opening of an artery 
or of a vein since the means used lo arrest the bleeding ma> be some 
what different in the two instances The distinguishing features between 
arterial and venous hemorrhage are summarized below 
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When an artcr)' is openetl* 

J. The blood is a brighter red. 

2. The blood escapes under high pressure — usually in spurts or 
pulses. 

3 Compression of the (issues bctsscen the bleeding point and ific 
heart stops the bleeding Pressure beyond (distal to) this will not stop it. 

When a vrin is opened: 

1. The blood is darker in color, for it contains a large proportion 
of reduced hemoglobin. 

2. The blood flows more slowly; ft docs not escape In Jets but ajv 
pears to ■■s\cll up " 

3 The hemorrhage is arrested upon the application of pressure 
distal to the bleeding point. Moitcratc pressure applied between the 
wound and the heart increases rather than diminishes the bleeding, since 
the bl<x>d is flowing toward the heart. 

When the bleeding is from fapUlanrs, the blood is bright and oorcs 
sloss 1) from the wound. The blood soon clots. 

In seserc hemorrhage of any kind, either eternal or internal, the 
patient should be kept perfectly ^ulet and free from excitement or 
atiMciy of any sort, so that the bloosl pressure may be kept low*. Tor this 
reason no stimulant of any son sliotild be gisen. It is a common error 
to give alcolinl In some form or other at this time: this will only increase 
the force of the heart, tend to elevate the blood pressure, dilate the 
tessels. and increase the bleeding (SccalsoCh 7.) 



The Origin of the 
Heartbeat 
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If ^ve Avatch the heart of •» Jiving frog we may observe 
vsTives of contraction originating near the great veins where they enter 
the heart and passing ov-er (he auricles and the ventricles in reguhr 
order In the heart of man and of higher animals this wave of contraction 
IS so rapid tliat its progress cannot be observed by ordinary meins The 
actual contraction of the muscle fibers of the heart is preceded by st 
small fraction of a second by an electrical change The electrical chingey 
can be recorded by means of an instrument Xnown as in elecirocardtO' 
graph (see below) and the action of the heart thus studied with prcci 
Sion The underlying cause of the contraction or beat of the heart his 
been a question that his absorbed the interest of philosopiicrs ind scicn 
tisis from the earliest times The ancients Uiought that the hearts move 
ments were presided over by a vital spirit which entered the ventricle 
and like steam or vapor inflated the heart and then condensing again 
caused the heirt to collapse That the heart was i muscle which con 
traded when it apparently collapsed and relixed when it appeared to 
become infilled never seems to have occurred to them It was ^Vilham 
Hirvey who showed his genemuon that the heart by virtue of its muscu 
lar wnHs contracteil and relaxed with an alternating rhythm and 
discliarged the blood like any pump 


THE SEARCH FOR THE CAUSE OF THE HEARTS ACTION 

Tlie diffiailt problem stiff rcmimcd to be solved \Wiat cauvcil the 
heart to beat — what force started the rhythmical comraaioiis' Uliai was 
the nature of the hidden jKiwcr that drove the pumji’ When it was dis- 

2j3 
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co\crcd laier that the heart vas supplied uith ncr\es, a ^^•as thought that 
these ucre responsible for the heart’s contractions in imich the same \\a> 
as ncrscs cause an) other muscle of the bod) to amtract. It as soon dis 
cosered. honcscr, that the heart continuctl to beat after its ncrses ucrc 
dnided. Oidmary muscle, of course, becomes nara 

. BINCrS“3 1 t , • « • ^ 

/ SOLUTION l)7ed tshen its nencs arc cut. So the hearts con- 
tractions could not be e\plaincd in this simple \>a) 
jj h ■' Also, the heart of the cmbr)o chick commences to 

beat several da)S before any nencs or nervous tis- 
sue have grosm into it. Again, it ssas thought that 
the blood itself, flossing through the heart, fur- 
nished the stimulus and in some m)5tcri£)«s uaj 
impelled it to beat. But again it ssas soon dis 
covered that the hc.irt itould beat for a long time 
after it had been removed from the bod), even 
though it contained no blood If a rabbit is killed, 
and its heart immediately removed and a wami 
solution (Ringer’s) containing calcium, sodium, 
and potassium diloridcs and charged with 0 K)gcn 
is nm through it, regular bc.iiing ma) continue for 
several hours (Figs IC.I, 1().2). The isolated human 
heart, In the same vvay, has been made to beat for 
many hours after death. Far from being the vet) 
vulnerable organ it Is thought to be, the heart m 
reality can be matle to perform its work for a 
longer time after the dcaifi of the bod) than most 
other organs. The heart of a chicken has fjceii 
known to beat after the other tissues of the bod) 
are dead and ^uttc cold, c\ cn though no measures 
have been taken to keep the heart alive. The frog's 
heart removed from die body also continues to beat 
for some time. The power to contract rh)thmic3ll) 
must he within the heart muscle itself, for even 
strips cut from the vcninde will continue to con 
tract lor several minutes. 

Why the heart beats is a problem sdentim 
have not yet solved. It is a m)sicry as darkly hidden 
as life itself. When the egg is developing into the 
chicken, die tiny scrap of growing tissue that Is not 
)ct a heart but that will become the heart can already be seen to be 
beating widi a regular, even flicker. 

l\'e do know, hoifcver, that the beat m the fuJI-groun heart starts in 
a little island of special tissue in die upper pan of the right atrium callctl 
the sinuatrial (sinuauricular) node* ami then passes as a vove over tltc 
rest of the heart. We know, also, that, each lime the lieart beats, a rutienl 


Fig 14 >. Th« melt>©d 

perfusing ihe l}»- 
loted mommallon 
heorT Ringer's solution 
flows down the narrow 
tube under a pressure 
of oboul 120 mm Hg, 
the lower end of ilui 
lube it lied Into the 
oorta so ihat ihe fluid 
wilt flow (me ihe cor- 
tpTlOt^ srtwvtv-, Vit- 
rouncflng (he narrow 
tube Is a gloss water 
]ockel through which 
warm water circulates. 



Fig 16 3 Showing ether methods of perfusing the heart Left, a iimpl Fitd 
method of perfusing the frog s heart, which hot no eeronory eircgfotien 
the flu d may therefore be delivered d reetly into the ventricle The beats 
of the heart ore recorded by means of a light lever thot writes on the 
revolving drum (upstroke, systole dovmsirolie. diastole) Right method for 
demonstrating the liberation of oceiylcholme from the endings of the 
vagus. When the vogus of heoct F is si muloled the chemical os it Is hber 
oted passes In the perfusion fluid by tube G to vessel H and thence to 
heart f, which stows (see Ch 17) A, reservoir, B, overflow lube C, Inlet 
tube; 0 outlet tube B del very tube to heart f; J and K, record*ng levers 

of electnciiy passes through it The origin of the beat m the sinuatrial 
node and the passage of the contraction tvate to other parts of the 
heart will now be described 

The sinuatrial (or sinuauricular) node. The sinuatrial node ts a 
small island of specialized tissue Its omstruction differs from that of the 
surrounding heart muscle, being composed of a primiii\e l>pe of muscle 
cell and numerous ner\c fibers It lies in the upper part of the right 
auricle near the superior -vena casa (Fig 16 S) Here the heartbeat 
originates. This little knot of tissue might be called the 'heart of the 
heart,” for m it occur rhythmical cliemical clianges that supply the 
"spark’ or impulse for each systole The rest of the heart follows tts 
bidding The sinuatrial node sets the pace, and on this account is called 
the (jacemaker of the heart If u sends out a rapid stream of impulses 
die heart beats quickly If the rate at which it generates the impulses is 




256 - Circu!af/on of the Blood 



Fig 16 3 DIagrom of the con- 
duct ng lyitem of the htort 
I V C Infer or vena cavoj S> N 
itnuolrlol nodei SVC / luperlor 
vena covo; A V N / otrloventrlcu- 
lor node} A.V B , atrtoventriculor 
bundle 


sloiser, the heart too beats more slost!> If the sinuatnal node is r^ 
mo>ed, the heart for a time ceises to beat 


THE HEART IMPULSE 

The nature of the impulse Though the exact nature of the impulse 
arising sMihin the node is unVnoun some \er) interesting and important 
features base been discosercsl about It Wcknosv \cr) little of the diangcs 
sMihin the iKxle that gi%c rise to the impulse, nevertheless once it has 
irisen we maj learn many things about its effects T\c may know no 
more concerning the origin of a spark of fire or a flame, but v\e may 
^^^tch It spread and see the results of its action So it is uitli the impulse 
of the heart — thougli mucli of its inner nature is hidden from us v»c 
have some knowledge of how it behaves and what it does 

Generated witlim the cells ol the special tissue of die notle the 
impulse travels swiftly (1 to 5 meters |)cr second) iliroughout the heart 
stimulating the muscle in its course The impulse is always accompanictl 
by an electrical current In animals the current may be demonstrated 
and Its strength measured by connecting two parts of the heart while it 
IS beating to a g(ili>anometcr — an instrument for recording electrical 
currents The actual contraction of the heart muscle follows immediately 
upon the passage of the current over it It cannot be said that the impulse 
and the electrical change are one and the same thing \et the two go 
hand in hand and so invariably does the electrical cliange acconipanv 
the impulse that the former is taken as a certain sign of the laiter 
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The passage of the impulse from the sinuatrial node to the different reg ons 
of the heart Tlie swift message sent out from the node radiates in all 
directions through the muscufar tissue of the auncfe, making eacli 
muscle fiber that u iraterses contract Toward tlie lotser part of the inner 
wall of the right auricle and abo\e the \alves opening into the right 
sentncle, a second node of special tissue is situated (Fig 1G3) This is 
called the atnoscntncular (or aunculoscntncular) node It gites rise 
to a bundle of tissue known as the atrioscntncular bundle, t\hich, de- 
scending to the upper part of the partition (septum) between the two 
\entricles divides into a right and a left branch Each of these brandies 
divides into numerous fine twigs, which interlace with one another to 
form an intricate network knowat as the Purkmje system, which is spread 
over the interior of the ventricles The atrioventricular node, like a 
receiving station, picks up the impulses radiating through the atrial 
muscle from the sinuatrial node The bundle relays the impulses again 
along Its branches and the numerous fine endings of these, to the indi 
vidual muscle fibers of the ventricle If the bundle should be severed or 
diseased so that no impulse can pass along it, the ventricle is completel) 
cut off from the control of the pacemaker of the heart— -that is from the 
sinuatrial node Division of the bundle completely interrupts communi 
cation between the auricles and the ventricles Disease of the bundle 
which gradually renders it incapable of transmuting impulses is not 
uncommon The condition is spoken of as heart blocf' The ventricles in 
sudt circumstances however, do not as might be expected, cease to beat 
Since ihe block occurs gradually, they are given Marning before being 
thrown entirely upon ihcfr own resources They generate impulses of 
their own and beat independently but at a rate slower than that of the 
auricles 


THE ELECTROCARDIOGRAPH 

The clectrocanhograph* is an instrument used to record the electric 
current generated m the human heart Solutions of various salts (clcctro- 
lyicj), such as sodium jioiassium and calcium dilorides enter largely 
into the composition of the blood and tissue fluids Such solutions ire 
excellent conductors of electric currents (Ch 1) The electrical changes 
generated m the heart muscle during its contraction are, therefore, 
readily conducted to remote pins of the body In order to record the 
heart currents it is only necessary to connect two pirts of the body with 
the instrument The parts of the body empfoyed for this purjiosc ate 
the right arm and left arm the right arm and left leg- or the left inn 
and left leg These paired members are ttmnecicd in turn and iii each 

* 1 he clcclrocartlioRnph is a ijpc of fialvanmneier Its moving pari (the shadow of 
winch 1 * pholographcvl and cnnsiiiuirs ihc rctofd) »» a fine riUmciU of spun gla« that 
has txt-ii jJhcml lo make ii cleciricalh o iiducuvv 
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Fig 1A4 Showing the etecircal curr«nH genoroled by the con 
trading heart Slack cirelei represent the electrodes leoding to 
the electrocordiograph 


instance a photographic record is made of the electncal effects of the 
cardiac contraction Each pair of connections is referred to as a lead and 
denoted by tlie Roman numerais 1, II and III, in tlte order gi\en abose. 
A fourth connection— betiNeen the chest overlying the heart and the left 
leg— IS usually recorded as well The actual connections are made b) 
means of wires running from the electrocardiograph to small metal cups 
held by suction on the skin which has been previously moistened with 
saline or some other conductive substance (Fig 16 4) 

Figure 16 5 shows an enlarged drawing of an electrocardiographic 
record, or electrocardiogram, as n is usually called This record has been 
taken from lead I, but electrocardiograms taken in other leads look very 
much the same to an untrained observer At each beat of the heart the 
currents pass through one limb {arm or leg) of the subject, through the 
electrocardiograph, and back to the body through tJie subject s other 
limb, thus, the circuit is completed Ever since the instrument vvas m 
vented the waves of its record have been designated simply by the letters 
P, Q, ii, S, and T The wave P is caused by contraction of the auricles 
and the v\aves R, and S by the contraction of the ventndes* The 
T wave is produced during the relaxation of the ventndes When the 
heart is diseased the waves may be abnormal in shape or position Thus 
the physician is often able to gam valuable information concerning the 
condiuon of the heart 

* The cicancal changw jmcctle ihe acioal ctmtracUon by a small fraction of a 
second so tlijt It IS not siriclly accurau to say that tlic waves are caused by the 
contraciiun 
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Fig 16 5 An electrocardiogram Fop, o normol record token m lead 1 The 
honzontol lines represent tenths of millivolis, the upright lines fifthi of 
seconds Bottom/ a senes of curves (o complete cardioc cycle) enlorged The 
different waves ore known simply by the letter* P, Q, R S, and T The wove 
P IS coused by the contraction of the ovricles; O R, ond 5 by the contrae> 
lion of the ventricles and 7 by the reloxotion of the ventricles 
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CONTROL OF THE HEART 

It has been sliosvn in the foregoing cliapter sihat a self 
reliant organ the heart u — how it has the (loi^cr to perform its nork 
though rcmoied from the bod), and to ulut a large extent it holds 
SMthiit Its boundaries the organization for its government Nevertheless, 
It IS a small state vvitlun the larger kingdom of the bod), and as sucli a 
under the control of tlie brain We all know that the heart ma) beat 
faster as the result of mental exatement or emotions of various kinds 
Messages of which we are unaware constantly pass from brain to heart 
(tlirough efferent nerves) and from heart to brain (through afferent 
nerves) to direct and control cardiac action 

The nerves that carry efferent messages are of two l)pcs (1) tlicwe 
tint slow the heart, the vagus nerves, and (2) those that make the heart 
beat more quicki), the accelerator, or augmentor, nerves. Doth these 
i)pcs of nerve, like tliose controlling the blood vessels (Ch 17), belong 
10 what IS known as the autonomic^ or involuntary, nervous s)Sicm (Ch 
37) The i3gus nencs belong to zhe parasj/npailtctic d/tisioii ami ibe 
accelerators to thes)mpatlictic divuton of this s)sieni 

The vagus nerves These nerves two m number, arise in the fund 
brain, or medulla oblongata (Ch 37) , and descend on cither side of the 
neck The vagus as us name implies, is a wandering or vagrant nerve 
in the sense that it travels far afield, and lU brandies go to many parts 
of the bod) It passes through the thorax into the abdomen and in im 
course gives branches to the lungs, heart, stomadi. intestines etc At pres 
ent we are conccrneil onl) with its brandies to the heart (Plate Illr) 

The function of ihc vagus nerves is to slow the heart and rcilucc the 
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force of Its beats Thej serse as brakes to present the heart from ncing 
at an unnecessarily rapid sj>eed Unlike the brak« on an automobile 
sshich are brought into play only occasionally, the s-agus nerses are 
alu-ays in action to a greater or less evtent In this action they are like 
brakes that are adjusted too tightly and are ihvays dragging just a little 
Or they may be compared to the reins by which a timer keeps a constant 
curb upon a spirited horse for they are ahvays exerting i restraining 
influence upon the action of the heart In physiology a continuous iction 
of this nature is called tone. 

^\^len the lagus nene of an animal is stimulatetl strongly especially 
by an electric current the heart is slopped — but it may start to beat again 
though the stimulus is continued This phenomenon is caJIeil the escape 
of the heart from sngal control 

The accelerator or augmenfor nerves The fibers of the accelerator 
nerses also arise in the medulla oblongata but iliey reach the heart by 
passing down the spinal cord and emerging in the upper part of the 
thoracic region From here they pass to ganglia of the sympathetic cord 
(Ch 37) and thence to the Iieart They hate an action opposite to that 
of the t-agus They increase the rate and force of the heartbeat As the 
vagus nerves ict to rein in the heart so the accelerators serve to whip it 
up The accelerators are also in continuous action Tint is they too 
possess tone Only a very bad dnter indeed would rem rn a horse at the 
same time Uiat he was applying the v\hip or would drive a motor car 
with the brakes gripping \et that t$ the way the brain through the 
vagus and accelerator nerves governs the rate of the heart The vagus 
IS always slowing tlie Iieart the accelerators are always speeding it up 
This arrangement however possesses certain advvntages The constant 
effects of tlie two nerves upon the heart are delicately balanced one 
against the other When for example the action of the vagus is reduced 
and the effect of tlie accelerator ts increased a more proiiounceil — ind 
prompter — acceleration of the heart is brought about than would other 
w ise be possible 

Chem cal effects of vagus and accelerator nerves The effects of the two 
sets of nerves governing the action of the heart are brought about by the 
action of chemical substances piroilucetl by the arrival of nerve impulses 
at the nerve endings This surprising discovery is a relatively recent one 
The substance produced when the vagus becomes active is calletl acetyl 
choline This cJiemical resembles in its action the drug known as miu 
rartne found in poisonous mushrooms Hoth these substances act to slow 
or siojj the action of the Iieart The action of acetylcholine is not confinetl 
to the heart it affects many other structures such as bloml vessels stom 
ach intestines ms etc and it is hberited from the endings of the nerves 
supplying these parts (Fig 162) 

It has just been stated that the action of the vagus is continuous 
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%Nhich means that acei)ldioline is continuously being produced m small 
amounts then it ma) be asked does it not enter the general circu 
lation and produce its eHects upon other organs? Again one ma> isk 
How can the heart suddenly increase its rate of beating if this chemical 
IS present and actise? The explanation is that the minute amount of 
acetylcholine produced at the \agnl endings by each impulse is desiroyetl 
again m a small fraction of a second by an enzyme called cholinestcnsc 
The accelerator nerses and other nerves of the sympathetic nervous 
system also bring about their effects through the production of a diem 
ical This substance if not identical with adrenaline (Ch 40) resembles 
It \ery dosely It is destroyed much more slowly than acetylcholine and 
entering the general circulation produces slight side effects upon other 
structures of the body But these minor effects do not cause any pliysio- 
logical disturbance The chemical substance hberaictl at the ends of 
sympathetic nerves was ongtnaffy called sympathm 

CONTROL OF THE BLOOD VESSELS 

Those ^ery small blood vessels through which the blood streams 
from Uie arteries into the capillaries md veins— the arterioles— are also 
under the control of the autonomic nervous system whose fibers inner 
vale the smooth muscle in the arteriolar walls (Fig 17 1) 

That the nervous system governs the 
caliber of the small blood vessels is a fact 
that everyone must have observetl We have 
alt seen the skin tiusticd with blood as the 
result of excitement embarrassment or 
shame Wc may also have seen the face 
become pale with fear anger or pain Wc 
know often mudi to our diagnn that v*c 
can no more prevent these diangcs than we 
can alter the beating of our hearts The blood in the countless capiHary 
vessels gives the skin its color and warmth When the muscular walls of 
the arterioles relax such vessels dilate the capillaries m consequence 
become distended with blood and the skin becomes rcti and hoL 

But nerve impulses cause changes m the caliber of the vessels quite 
apart from emotional slates Cold heat injury etc will induce con- 
striction or dilatation of the cutaneous vessels and variations in the 
diameters of tlie arterioles and capillaries of interior pans arc occurring 
from time to time in accordance with the degree of activity of the 
different tissues and organs and the quantity of blootl that they require 
Dilatation of the vessels is an inevitable accompaniment of acute inflain 
mation and is responsible for its most diaracteristic signs namely red 
ness heat, and swelling The muscle fibers of tlie arterioles may he 



Fig 17 1 Nerves gong to the 
woll of on erterole 
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compared to the muscle of the heart, m that the nencs b) winch they 
are supplied ha\e opposite actiom One of these sets relaxes the muscle 
and so causes the \esse{ to dilate, they are called lasodilator nerves The 
other set stimulates the muscular rings, causing them to contract and thus 
narrow or constrict the arterioles, they are called vasoconstrictor nenes. 
The vasoconstrictors belong to the sympathetic division of the autonomic 
nenous system, the •vasodilators are derived from both the s}mpatheiJc 
and the parasjmpatlietic divisions Under usual conditions the two sets 
of nerves are active at the same time, their opposed effects being nicel) 
balanced one against the oilier The vessels are thus maintained in a state 
of partial constriction or tone (p 261) 

The nervous control of the blood vessels ts of very great importance 
to the 'various functions of the body All parts of tlie body do not require 
an equal supplj of blood at the same lime One organ or tissue may be 
at rest while another is active In the latter instance more fuel is burned, 
and more oxygen is required, therefore, resting tissues receive less and 
active tissues more blood The nerves of the arterioles enable this unequal 
distribution of blood to be brought about For instance, tn muscular 
exercise the active muscles may require 10 times the quantity of blood 
that will satisfy them during rest The arterioles in other regions of the 
body are therefore narrowed, while those that carry blood to the muscles 
are dilated A great volume of blood flows through these sluice gates into 
the active tissue In the same way, after a meal the blood is turned into 
the digestive organs from other regions such as the muscles and brain, 
which in consequence are less abundantly supplied The withdrawal of 
blood from the brain may account for the lazy feeling and drowsiness 
that follow a heavy meal The role that the blood vessels of the skin 
play in regulating the body temperature will be dealt with in a later 
secuon (Ch 29) . 

REFLEX EFFECTS ON HEART AND BLOOD VESSELS 

Many afferent nerves when stimulated cause changes in Uie caliber 
of the small blood vessels (arterioles and capillaries) For example, if 
the large (saaiic) nerve of the lower limb is cut across and its upper 
end siimuhied strongly, constriction of the vessels will result. A weaker 
stimulus applied in the same way may cause the vessels to dilate If the 
effect upon the vessels is widespread and pronounced, a rise or a fall in 
the blood pressure may follow These effects upon the vessels are brought 
about by reflexes The impulses set up in the afferent fibers of the siimu 
lated nerve travel to the brain, vvhere Uiey connect with efferent neurons 
(sec Ch 34 for the description of a reflex). Impulses discharged from the 
latter are conveyed by vascoconstnetor or vasodilator nerves to die small 
vessels 
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Cold, heat, pain, uIira\iolei lighi, massage, and other i>i>cs of stim- 
ulus arc capable of bringing about sudi rcncx ellccis Tlic) can be easil} 
demonstrated in man. If one hand is put into cold u-ater, for example, 
the ^essels not onlj of the chilled hand but of the opposite hand as well 
are constricted. Or if a brec/e from a fan is allowctl to blow ujjon the slm 
of the back, the mucous membranes of the nose, throat, and bronclii 
come pale as a result of reflex, \asoconstnction. 

The aortic nerve Reflex cliangcs in the rate of the heart can also be 
induced Stimulation of one type of afferent nerse ma) slow the heart, 
ss’hercas stimulation of another type may cause acceleration. The sagus 
gi\es off a branch high in the neck that contains afferent fibers only. It 
IS called the cardiac depressor, or aortic nerse. Stimulation of this ncnc 
causes reflex slosvmg of the heart, dilation of blood \csscls tlirouglioiit 
the body, and as a consequence of these effects, a fall in blood presstitc 
This nerve ends in the walls of the aorta, its fine branches extending 
from iheardiofihesesselasfarastheheart (Fig. 17.2). 

The sinus nerve. The sinus nerve has a function very similar to that 
of the aortic nerve It is a brandi of the glossopharyngeal nerve, am! 
ends by fine filaments in the vvall of the carotid sinus, whidi is a slight 
dilation of the common carotid artery at the point where it divides Into 
the internal and external orotids When stimulated, the sinus nerve also 
causes slow’ing of the heart, general dilation of the minute vessels, and a 
fall m blood pressure (Fig. 17.3). 



Fig 17J. The dninbulion of ihe 
oortic nerve 1, tection of vagus 
nerve going lo ihe heort, 2, oor* 
fie nerve, 3, orch of ihe corto. 



In the eorotid sinus 1, common eo- 
roiid onery; 2. eorofld dnui; 3. 
Inlernol ccrotid orlery; e*lernel 
corotid onery; 5, tlnu* nerve. 
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Pressure js the physiological stimulus for the aoiiic and sinus nenes 
Their endings in the aorta and carotid artery are extremely sensitive to 
changes m the pressure of blood within these vessels In the living animal 
It IS through this sensitivity that they fulfill their function of governing 
the rate of the heart and moderating the blood pressure — that is, pre 
venting its nsing too high or falling too low 

Uecause of the constant stimulus of the blood pressure upon the 
nerve endings nerve impulses at low frequenc) — say 15 per second — are 
continually traveling up these nerves to the brain, from which impulses 
are discharged along tlie vasoconstrictor and vasodilator nerves to the 
blood vessels Thus, in health, the blood pressure is maintained leflexly 
at a comparatively constant level Should there be a tendency for the 
blood pressure to rise unduly, the frequency of the impulses increases — 
that IS, the nerve endings are stimulated more strongly Thus the heart 
IS slow ed, the vessels are dilated, and the blood pressure is prev ented from 
rising to an extreme height This reflex is not, however, all powerful, 
for though active in hypertension (Ch 15) it cannot keep the blood 
pressure within normal limits * 

Any tendency toward a fall m blood pressure causes a reduction m 
the frequency of the impulses, indicating a weaker stimulation of the 
nerves As a consequence, the heart rate is inaeased, the vessels are con 
stneted, and the blood pressure is prevented from falling or is raised 
again toward normal Owing to their governing action upon the circu 
lation, the aortic and sinus nerves are often called the moderator nenes 


* Similarly in *c\crc hemorrhage or surgical ^oci It is incapable alone of rcsloring 
the IjI mhI pressure lo normal Also in muscular exercise during winch the Wood pres 
sure rises sharply these relieves apparently are In abeyance or other, mote powerful 
regulating mcdianisms overrule ihi-m 
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The Circulation in 
Certain Special Regions of 
the Body. The Effect of Gravity 
Upon the Circulation 

CAPILLARY CIRCUUTION 

The capillaries are ilie simllest \esseh of the arculaior) 
s)stem They he hetii een the anenoles on the one side of the jjstem and 
the sems on the other (Fig 12 2) The caliber of one of these tubes 
may be less than the diameter of a red blood corpuscle (7 microns) Ten 
or more of these microscopic tubes could be hid side by side upon a Inir 
If all the capilhnes of the human botlj could be joined in line ilic) 
svould form a strand inMsible to the naked eye but some thousands of 
miles in length The length of each capillary however, is less than half 
a miJh/neier These vessels form a maze of connecting clianneh »n the 
tissues (Plate Illh) If the tongue or the toe web of a living frog is 
examined under the microscojie the red cells can be seen as they are 
earned through these (my channels For the most part the cells pa« 
along in single file the vessels being too narrovv to accommodate tv\o 
abreast (Fig 18 1) Some of the vessels at limes may be so narrow tint 
the corpuscle is squeezed along and pressed into a sausage shape 

Independent movemenf of cop Hones Until recent years it vvas believed 
that the capillaries were unable of themselves to change their diameters 
It was thought that their calibers did not alter except in a passive voy— 
that IS simply as a result of ibc blotxl entering from the arterioles ami 
distending them Since tlictr walls are made of a single layer of thm 
2R6 




Fig 18 1 Cop Dory caliben In the uppermost figure the corpuscles 
are mov ng freely through the d ioted vessel In the m ddle f gure a 
group of cells are pocketed by corstrocton of the capllory wall on 
e ther s de ond not even plasma can pass In the lowermost sketch 
cells ere trapped but plosmo flows through the vessel ths Is colled 
pfosmo $li mm ng 

Rattened endothelial cells (Ch 2) , and muscle fibers are entirely absent 
it seemed impossible that they could constrict or dilate It is now Inoun 
hoiseser, that the more proximally placed capillaries (that is those near 
est the arteriole that feeds them) , at any rale are prottded tuih smooth 
muscle by means of which they can control from time to time the quan 
iity of blood that enters the capillary network. These vessels are called 
precapdlaries Their diameters, like those of iJie arterioles are controlled 
by vasooinstricior and vasodilator nerve fibers 

The effects of mechan cal and chemical stimuli upon the capillaries The 
caliber of the arterioles and capillaries can be altered in other ways than 
through the nervous system Should any capillary even one beyond 
(distal to) the precapillanes be stimulated mechanically — that is by 
pressure or contact applied directly to the skin — it may contract so firmly 
that the blood within it is expelleit This efieci may be shown upon the 
human skin If a pencil ts drawn very lightly over the skin of the back 
of the hand a faint white line will appear m 3 or <1 seconds along the 
path taken by the pencil point The narrow blanched area is due to the 
dosure of the capillaries wiihm it 

The capillaries are especially susceptible to tlie action of chemical 
substances Acids, such as lactic and carbonic formed in metabolic proc 
esses cause dilatation Acetylcholine is also a dilator of capillaries Alka 
lies the hormone of the pituitary (piiuitnn), and adrenaline cause 
constnction In muscular exerase lactic and carbonic aacls arc formed 
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Fg 18 2 Cop J/ary po >e ns 
A cap Hary netwo k n sk n 
B cop llor n to muscis {ib«rs 
C cop llory loops as seen at 
bose of humon fingerno 1 ui>- 
der low power of m eroscope 


^shlch by dilating (lie small tewels m the muscles increase greatly the 
floss of blood through them and thus provide for an adequate suppl> 
of o\)gen These acid products of metabolism serve a similar j urjiose m 
other aatve tissues — for example glands brain etc 

Histamine a chemical substance found m almost everj tissue of the 
bo<ly IS a powerful dilator of capillaries and artenolcs A small dose 
injected into an animal $ circulation may cause death as a result of wi le 
spread vasodilatation and a proiound fall in blood pressure Histamine 
IS present in considerable amounts in the cells of the human skin but is 
locked up and under ordinary conditions does not escaj e into the 
general circulation It is believed however that the redness and swelling 
that follov stimulation of the skin as by a pm scratcli and other mechan 
ical stimulants the application of heat — for example scalding or scorch 
mg — and the suns rays (sunburn) are caused by h stamine or a 
histaminelike substance that the injury has caused to be liberated from 
die cells of the skin The histamine then acts upon the small vessels 
Sometimes m extensive mechanicaf stimufaiion of die skin the quantity 
of histamine or a closely similar substance escaping into the gcr cral 
circulation may be sufficient to cause a slight fall in blood prcssi re 
Liberation of such a chemical is responsible m part at least for the heat 
redness and swelling assoaated with infecinc innammatory comliiions 
of the skin 


CIRCULATION THROUGH TH£ HEART MUSCLE 
The hcirt muscle receives its Wool s ipply tlirougli tie coronary 
arteries These are two vessels right and left tint arise from the I>cg n 
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ning of the aorta anti passing outward on either side, encircle the base 
of the heart The> are the first branches gisen off by the aorta The 
trunk of the left coronary artery descends upon the anterior surface of 
the heart The trunk of the right coronary descends upon the posterior 
surface (Plate IVc) Both \essels dmde into branches tliat plunge into 
the substance of the liearL The blood hasing passed through the ane 
noles and capillaries of the heart muscle is collecietl again into \eins 
avhich join together to form larger \essels The greater proportion of the 
blootl after It has passed through the arterioles capillaries and veins of 
the heart muscle is emptied into the right auricle mainly by a single 
large vein — the coronary sinus The coronary circuit is one of the shortest 
in the whole body The blood takes only 2 or 3 seconds to pass from the 
arterial to the venous side for instead of having to pass througli distant 
parts of the body such as the hand or foot or head to rcacii the right 
auricle it is short circuited through the coronary system from the aorta 
to the nglu side of the heart The heart as we have seen (Ch 14) per 
forms for its size an enormous amount of work In order to do this it 
must be richly supplied with blood It would very soon fail should the 
streams of blood that irrigate its muscle and furnish it with oxygen and 
nourishment dry up Indeed tlie heart muscle ceases to contract vviilnn 
a second or two after its blood supply has been arrested When this 
occurs death follows almost instantly Tlie abrupt arrest of the arcula 
tion to a part of die heart muscle is a common cause of death in persons 
especially men over 50 years of age It is caused by tlie clotting of blood 
in a branch of a coronary artery which is usually the seat of atheromatous 
clianges (Ch 12) The condition is known as coronary thrombosii or 
coronary occlusion 

Angina pectoris (breast pam) is another grave disease of the coro- 
nary aneries due to insufficiency of the blood supply to the heart muscle 
as a result of narrowing of the vessels usually by atheromatous disease 
It IS marked by severe often agonizing pain beneath the lower pan of 
the sternum radiating down the left arm to the lower jaw and some 
times to the nght arm as well It is brought on os a rule by some mus 
cular effort that increases the work of the heart and therefore the reijuire 
mem of the heart muscle for oxygen owing to the state of the vessels 
this cannot be fully supplied A chemical substance formed and accumu 
lated in the heart muscle as a result of the oxygen deficiency is believeil 
to be the direct cause of the pam Strong emotion anger fear or sexual 
exatemeni may also precipitate an attack 

\\ hen the healthy heart is called ujKin to perform a greater amount 
of vvork as in siicniious niusatbr exertion an enormously greater vo! 
ume of blood flows through its substance During bodily rest the quan 
lity of blood that traverses the coronary vessels of the human heart is 
only a small fraction of tlic blootl flow through the rest of the body 
During muscul ir exercise llie bhxxl supplying the heart muscle mav be 
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increased se\eral fold constituting then a larger proportion of ilie total 
blood flow 'W^hen ^ery hea\y work is performed 2 liters of blood may 
flow through the coronaries each minute, this is nearly half as much as 
flotvs through the entire body during rest 


CIRCUUTION THROUGH THE BRAIN 

The cerebral circulation is peculiar It differs from the arculation 
through other regions of the body (except the bone marroi\) because the 
brain is enclosed in a rigid unyielding encasement of bone — the skull 
The blood enters the skull by the carotid and rertcbral arteries and 
leases by ilie jugular >ems The kidneys tlie muscles the ]i\cr or any 
other part of the body may hold more blood at one time than at another 
because these organs can sue!! upon occasion and accommodate the extra 
suppl) their xessels can dilate. Or their sessels can constrict m s\hich 
case the organ shrinks The quantity of blood uithin the skull, on the 
other hand can be altered \ery little from time to time 

This may be made clear by means of a model Suppose that a hole 
IS bored m the bottom of a glass flask or bottle and a length of rubber 
tubing Btted into the opening so made The flask is then packed tvith a 
fine-meshed sponge and filled ivith svater The neck of the scssel may 
then be closed with a cork into svhich another length of rubber tubing 
IS fixed and arrangements may be made for s\*ater to be pumped into 
the sponge filled flask by one tube and out by the other Such a inotlel 
would imitate fairly well the cerebral circulation fFig 18 3) The flask 
and us contents represent the skull filled by the brain with its blood 
vessels and fluid One tube represents the carotid artery the other the 
jugular sein It is of course a foregone conclusion that once the flask 
IS filled it will be utterly impossible to increase the quantity of fluid 
svithin It at any lime. The speed at which the fluid trasels through the 
flask and the meshes of the sponge can be increased or reduced by alter 
mg the force of the pump But since fluid cannot be compressed and 
the svalls of the flask are unyielding %ery little cliange m the solumc of 
the conients can occur' 

Now let us suppose that the flask contained instead of the meshwork 
of sponge material a \ery intricate system of branching elastic tubes It is 
obiious that we could increase the diameter of some of Uie tubes if s'C 
reduced the capacity of ilie same number of others to the same degree 

s Though the adult skull is a ng d unyielding encasement it must be remcmbeml 
that Its casity is continuous s»nli the spinal eatal and that fluid — the ccrehrcwpfna' 

fluid fills the space that is not occupied by the brain and spinal cool \lso the joinli 

between ihe sertebrae arc cl wed b) siiuctures ll ai arc not enurel) rig d Small changes 
m the quantity of blooil within the skull may therefore occur I y ll e d iplJCrtncnt 
into the spinal canal of ccrcbnspiial fluid Toom for which is made by some bulging 
at the scrtcbral jo nis. 
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So It IS with the blood supply to the brain Though the total quantity of 
blood within the skull can alter to only a small extent a shift of blood 
from one part of the bnm to another can occur Tfie tessels are fur 
nished with both constrictor and dilator nerves The caliber of the vessels 
of tlie brain is also profoundly influenced by the composition of the 
blood In those regions of the cerebral cortex that have been observed in 
experimental nnimils nn excess of carbon dioxide or a lack of oxygen 
causes vasodilatation 

The pressure of blood m the cerebral circulation alters from lime to 
time as docs also the swiftness of the blood stream The pressure of 
blood vvitliin the skull changes svith the blood pressure in the rest of 
the body Hendaclie is not infrequently the result of jnerensed pressure 
of blood within the cranial cavity The rupture of a small artery in the 
brain causes what is known as a stroke or afjoplexy This occurs more 
frcquemlj m old people wall brittle xricries or in Iqpertcnsion The 
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hemorrhage by tlesiroying some of the bratn tissue that controls the 
movements of the muscles causes paralysis— usually one half of the body 
(Cfi 37) ^ 

The more important arienes and veins of the brain are desenbed m 
Chapter 13 


CIRCUUTION THROUGH THE lUNGS— 

PULMONARY CIRCULATION 

The circulation through the lungs is knomi is the pulmonary or 
lesser, circulition The blood leaves the nglit ventricle by the great 
pulmonary irtcry, which divides into a right and a left brancli for the 
corresponding lungs Each bnnch breaks up within ihe lung into small 
arteries and arterioles which deliver the blood into the ncli meshwork 
of capillaries These delicate vessels surround tlie myriads (700 million) 
of air spaces (alveoli) of the lungs and so expose the blood to the air in 
these spaces freslicning the blood ai each breath Eicli drop of blood 
in Its journey through the ciptllary gives up a load of carbon dioxide 
and takes on a load of oxygen and like a spark in the wind the red cell 
instantly flashes from a dull red to a bnihant scarlet (Fig 12 7) 

If the cipiUaries of the lungs were joined end to end they would 
form a minuic tube some 3000 miles long with a will almost inconcen 
ably thin It is easy then to realue that if this tube v\ere filled with 
blood and surrounded with air the respiratory gases (oxygen and carbon 
dioxide) would pass freely to and from the fluid within its vvalls This 
IS essentially what hn[)pcns in the lungs the capillaries along whicli the 
red cells move slowly in single file are for the most j art entirely sur 
rounded by air Though cadi red cell is small together they present an 
enormous area to the lung air Were all these cells placed flat and etlge 
to edge they would cover the floor of m ordinary dassroom (aO X 30 
feet) Thus the blood is aflordeil every facility to rid itself of carbon 
dioxide in exchange for a load of oxygen 

The blood pressure is very miidi lower in the pulmonary circulation 
tlvan in the systemic artujunting to only 2Q or 2a mm Hg 

Having passed through the capillaries of the lungs the blood floi s 
into the left aunde through the four pulmonary veins The arterioles 
of the lungs like those of other regions of the body are under the con 
trol of constrictor and dilator nerves 

The bronchi and bronchioles, connective tissue lymph nmles and 
other tissue of the lungs not essentially respiratory in funcuon do not 
depend for their oxygen supply and nourishment upon blood carried to 
them by the pulmonary artery which of coune has a low content of 
oxygen They receive blood from the systemic arculalion through the 
bronchial arteries whidi are brandies of the aorta and are thus assured 
of an adequate oxygen supply 
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EFFEa OF GRAVITY UPON THE CIRCULATION 

The heart diambers must be supplied regularly with blood Jf sufli 
cient blood is not carried to the right side of the heart by the great \eins, 
the arterial blood pressure falls for the simple reason that, like the pump 
of a well gone dr), the left \enincle is not properly Tilled and so has not 
enough fluid to force into the arteries As a result, the brain is deprived 
of Its usual supply of blood, and unconsciousness follotss A large pro 
portion of the blood supply to the right ventricle comes from belOM the 
level of the heart — that is, from the feet, legs, thighs, and abdomen 
TVhen a person is standing upnght, this mass of blood must be liftetl 
4 or 5 feet in order to reach the heart If for any reason the blood is not 
raised to the heart, unconsciousness, or fatnling, as it is called, results 
Man and the higher apes differ from four footed animals in that their 
bodies are in the upnght posiuon for a great part of the time Their 
circulatory systems have developed a way to overcome the effect of gravat) 
upon the blood in the great veins of the lower part of the body But a 
rabbit, if it is held for long by the ears, will die, for its blood simply of its 
own weight collects m the great veins of the abdomen and seeps into the 
smaller vessels, capillaries, and arterioles, and little is left to feed the 
heart Sheep also often die if held in an upnght position for too long 
during sheanng, and the heart of a snake becomes almost empt) when 
the reptile is suspended venicall) The dog, however, can accommodate 
itself for some time, though imperfectly, when held upon its hind legs 
The arcuhtion of man overcomes the effect of gravity in the follow 
mg way Firstly, when the body rises to the upright position nerve 
impulses are discharged along the vasoconstnctor nerves, especiall) to the 
vessels of the abdominal organs This is a rellex effect in which the aortic 
and sinus nerves play an important part It reduces very materiall) the 
capacity of the penpheral vessels, and the blood, instead of collecting in 
the abdominal region under the force of gravity, flows upward to the 
heart 

Secondly, the muscles of the abdominal wall contract and offer a firm 
support to the great veins wilhm the abtlominal cavity Thus the great 
veins of the abdomen, vshich liave a large capacity, are not permitied to 
become distended under the weight of blood and so deprive the heart 
Third!), the veins possess valves that open upward but not down 
ward In tins way the fluid column receives further support 

Fourthly, the contraction of the muscles of the lower limbs exerts a 
squeezing pressure on the veins tying between them, and on account of 
the valves the blood is driven toward the heart 

FjfihJ), the respiratory movements aid the upward flow of blood 
The) net in such a way as to draw the blood upward, just as water is 
dnwm from a well b) a pump The bloml is litemll) sucked upward 
toward the lienrt every time we take a brevth The pressure vvithiii the 
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effect of gni\U) It is \ei^ unwise if not actuall) dangerous to support 
a person in the standing or sitting position during a faint for were hts 
heart depnsed of its due supplj of blood for some lime he might die 
as does the rabbit held up by its ears 

The effect of centrifugal force upon the c reulat on Blackout Eseryone 
knows that it is possible to swing a pad of w'ater at arm s length in a 
horizontal arcle without spilling a drop As a result of the circular 
motion a force known as centrifugal force is developed that drives the 
W’ater against the bottom or outermost part of the pail In a similar mm 
ner when the body is moved at high speed in a circle v ith the feet 
directed toward the arcumfercnce and the head toward the center of 
the circle the blood is driven by centrifugal force toward the lower part 
of the body where the vessels become distended with blood The brain is 
thus deprived of its blood supply tem|Mrary blindness and then loss of 
consciousness result These effects which are generally referred to as 
blackout are likely to occur in an 'iirman who when flying at high 
velocity makes a sharp turn with his head directed toward the center of 
the arcuhr movement A similar movement wall tlie head directed to 
ward the arcumference drives the blood to the head severe pain in the 
head and signs of concussion may be caused by this dangerous maneuver 
Space fl ght Fliglu into outer space jxises several physiological prob 
lems but they can be touched upon only lightly here The astronaut 
must take an imitation of hts earthly environment with him into orbit 
He must be supplied with oxygen for he will pass beyond the earths 
atmosphere and the oxygen must be under pressure — otherwise it would 
not enter his lungs (Ch 20) The temperature of his cabinet must be 
r^ulaied for he will enter a region marked by periods of the most 
intense cold He will also pass beyond the pull of gravity — the utractive 
force of the earth This gravity free or nearly free state will suspend or 
reduce the normal circulatory reflexes chciied by the stimulation of 
pressoreceptors in the carotid sinus and oiher vascular areas The blood 
will have no weight so the vvork of the heart will be reiluced and the 
skeletal muscles vmII not be called upon to expend energy upon pon 
derable objects These effects of the absence of weight would be of little 
importance during a short period but would lead to atrophic clianges 
if extended over long penods 
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The Physiology of 
Breathing 


To the men oi tlie anoent a\ihMiion» — Greece and Rome 
—the nsmg and falling of the chest which we call breathing were full 
of msster) and awakciietl within their minds strange thoughts nch in 
imaginattse beaiitj and tingetl with their inborn sense of the super 
natural The ccasctos motion in waking hours and in sleep its com 
mencement at birth and us departure at death its changing rate and 
rhjthm during excitement and fear and other emotions led the ancients 
in their searcli for an explanation to 
indulge in what toda) we look, upon as 
mystical fancies. Tlie air s>hich to us is 
but a mixture of the gases oxygen nitro- 
gen and carbon dioxide s^a5 to them 
soroctlwng mote To them it coniameil 
an intangible iiuisible sometbing a di 
sine spirit the pssche or soul s\hich 
ihcs called the pneuma and which lias 
Ing entered the bosly at birth wns not 
to lease It again until death This old 
fjchcf has become immortalized in such 
words of our language as pneumatic 
inspire and expire. Tlie last ti ' 
words consequently catnelobascdmib^ 
meanings To the physiologist 
means to draw in the breath 
breath out Inspiration is the 
bteaUimg m expiration the 
btcailiiiig out Respiration is 



Fa 19 1 Mayow't e*p«r meni Ai 
the eoftdie burned the water f«e 
Id the smell flosk above ihe level In 
iSe surround ng woier ince o part 
of the o r (orygen) woi used Up 
The condte become ext ngu ihed 
f(om lock of oxygen {After on old 
d aw nffJ 
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The Physiology of 
Breathing 


To the men o! the ancient civiluations — Greece and Rome 
—■the rising and hlluig of the chest which we call breathing were full 
of m)Stery and awakened within their minds strange thoughts rich in 
imagmatue beauty and tinged uith their inborn sense of the super 
natural The ceiseless motion in t«tking hours and in sleep its com 
mencemeni at birth and its departure at death its changing rate and 
rhythm during excitement and (eai and other emotions led the ancients 
m iheir search for an explanation to 

a indulge in whit today we look upon as 
mystical fancies The atr which lo us is 
but a nnxturc of the gases oxygen nitro- 
gen and carbon dioxide was to them, 
something more To them it contained 
an intangible intisible something n di 
vine spun the psyche or soul which 
they called the pneuma and ts Inch ha% 
ing entered the body at birth was not 
_ to lease it again until death This old 
belief has become immortalized m such 
words of our language as pneumatic 
Fg 19 J Moyows experfmeni A* ^ _ j -ti t . . ^ 

, .1 L J L inspire and expire The last two 

the eondle burned Ihe wafer role *, , .... 

o .h. .moll (lo.k .bo,. ,k, l.,.l l„ toMEquenlly ametohakeaoubk 

Ik. ,«rr.u.d no w.I.r . nc. . port '"'“''“'S’ To .Kc physlologlSt impm 
of the O t (oxygen) was used up means lo draw m the breath expure to 
The candle became ext ngu thed breath OuL Inspiration IS the act of 
from lack of oxygen (After on old hrcitlting in expiration the act of 
drawng) breathing out Respiration is the term 
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iised to incJude all the processes conrenicd with breathing In e\cr> 
da) language the ssords “mspiie and * mspiration ’ refer to the mind or 
feelings, and breathing is nes er thought of So also theuords “expire' and 
“expmng' — literally, "giving up the spirit" — today are sometimes used 
meaning "to die ’ or “dying ’* 

The term resptration m its broadest sense applies not onij to the 
obvious act of animals possessing lungs or gills, it also embraces those 
processes carried on in nearl) all living cells viherebj footl materials are 
oxidized to carbon dioxide and water This function of the respiratory 
mechanism in higher animals — that is, the use of oxygen by the tissue 
cells and the formation of carbon dioxide and water, vsith the hbei uion 
of energy from the food for the performance of work and the produc 
lion of heat — is called internal, or tissue, respiration The acts invohed 
m ventilating the lungs and in the exchanging of gases between the 
atmosphere and the blood — that is, the absorption of oxygen and the 
elimination of carbon dioxide— comprise external respiration 

It was not possible to gam any real knowledge of breathing until the 
sixteenth century, after the arculation of the blood through the lungs 
had been discovered and become known to the scientists of the day 
Further knowledge came with the invention of the microscope and tlie 



Fig 19 2 A stmilor experlmeni 
to that shown tn Fig 19 1, bvt 
In this case the candle was re 
placed by a mouse The animal 
died when it hod used up o 
lorge port of the oxygen con 
toined in the or 



F>9 19 3 An experiRient similor to thot 
shown in Fig 19 2 performed by the 
Swedish chemiil Scbeele on the respiro* 
lion of bees The insects were ploced 
Iri a glass vessel, which was Inverted 
ond Its open end immersed In a lorger 
vessel of limewalcf As the bees con- 
tinued lo live within the ilosk, the vol 
ume of the oir within it shrank and the 
water rose above the level In the sor 
rounding vessel for the bees hod re- 
moved oxygen from the oir, ond the 
carbon dioxide thot they exholed wos 
absorbed by the llmewoler 
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Fig 194 Lovoilef the French chemitf performing exper tnentt on reipl otlen 
Madome Lavo s er Is teen toking notes Mfter a d owing by Madamo Lovo t erj 


ability to study the structure of the lung and also with the experiments 
of the Englishmen Majow and Boyle (166o) These experiments and 
those of the Swedish chemist Scheelc (1770) showed that air contained 
an invisible impalpable material (later called oxygen) essential both to 
the life of animals and to the burning of a flame (Figs 19 1 19 2 19 S) 
Finally the discosery of carbon dioxide by Black and of oxygen by 
Pnestley and Lasoisier (1785) completed tlie foundations upon winch 
our modern knowledge of respiration has been built (Fig lO'l) The 
pulmonary arculation has already been described (Ch 18) The siruc 
ture of the air passages and lungs and the manner in winch the gases 
of the air (ox)gcn and carbon dioxide) interchange with these same 
gases in the blood will now be discussed 


THE AIR PASSAGES 

The inspired air in order to read] the Jungs passes normally 
through the nose pharynx larynx trachea an ! brondii (Fig 19 5) 

The nasal cav t es The interior of the nose is divided into right and 
left InUes by a partition called (he nasal septum svhicli is formed by 
the perpendicular plate of tlie ctlimoid above and posteriorly llie somer 
below and posteriorly and by a quadrilateral plate of hyaline cartilage 
in front (Fig 19 G) The nasal septum is not infrequently deviated to 
one or the other side one nasal cavity being tl en narrowed and the 
other svidened Each lateral half of the nose is further incompletely 
divided into four regions by the nasal condiae (Ch 3) which raise the 
lateral \ all of the nose into longitudinal mounds (Fig 19 7) The hon 
zonial furro; s separating the e/evattons are called the superior middle 
and inferior meatuses (passages) of the nose These passages run back 
w-ards and lead into the nasopharynx whidi is the space situated between 
Ue nasal cavities and the pharynx proper and above the soft palate. 
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The part of the nasal cavuy just 
tsuhin the nostril or nans (pi 
tiaies) IS called the sestihule it 
}s lined by skjn containing coarse 
hairs The rest of the interior of 
the nose is lined by mucous 
membrane the co\enng cpuhe 
hum being for the most part of 
the columnar ciliated type The 
mucosa coiering (he superior 
concha and the adjacent jjart of 
the septum contains the organ 
of smell The mucous membrane 
co\enng the septum and the 
middle and inferior conchae is 
thick and %cry sascular its sur 
face epithelium is of the ciliated 
epithelial type containing many 
goblet (mucus secreting) cells 
The sems form a rich neiuork 
(plexus) of sinushke spaces that 
iliidte svulely ulicn the mucous 
membrane becomes inflamed 



ami often also it .he almosphere f 5 o ,h. ...p p„„a„ 

is hot and stuffy Tlie mucosa ^ 

then shells and may block the 

nasal passages This sascular tissue is also affected by influences emanai 
ing from the organs of sex winch appear to be hormonal as uell as 
nersous m origin Bleeding from the nose sometimes occurs at tlic time 
of menstruation in both sexes this occurrence is most fremienl at the 
lime of puberty In soung women )t is sometimes called erroneously 


\icanou8 menstruation 


The meatuses are airways through whidi the air is carried to and 
from the lungs and warmed as it is inspired The hairs about the nostrils 
and the aha (Ch 2) cosermg ihc nasal mucosa serae to remote dust and 
other solid impurities from the air during i« passage Tor these reasons 
if for no other breathing through the nose is normal and healthful The 
habit of mouth breathing should never be acquired 

The structure of the soft (nonbony) part of the nose is sliown m 
Figure 19 7 

The paranasal souses A system of air spaces situated \ itliin the 
rnaxiJlae and the frontal sphenoid and ethmoid bones (Fig 19 8) com 
muntcate by narrow channels with the nasal ravines The frontal sinuses 
are the air spaces suuatcil between the tables of the frontal bone hclnnd 
the superaliary arches and extending toward the mid hue above the loot 
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of the nose TJjcy communi 
catc on eadi side Avith the 
middle meatus of tlie nose 
The ethmoidal sinuses arc a 
number of thin walled air 
chambers within the Iab)rinth 
of the ethmoid bone, they 
open into the superior and 
middle meatuses of t!ic nose 
The sphenoidal sinuses are 
contained in the body of the 
splienoid bone, they open 
into the nasal cavity above 
the superior nasal concha 
Tlic maxdlary sinus (old term 
anirum of Highmore) is the 
Fig 196 The nasal septum right loterol aspect largest of the paranasal Si 
nuses It IS pyramidal in 
shape and is situated one in the body of each maxilla It communi 
cates with the middle meatus of the nose The paranasal sinuses arc 
lined by mucous membrane conunuoiis with diat of the nose, and are 
not infrequently inflamed by the extension of infection from tlic nasal 
cavities The maxillary sinus may also become infcctctl from a decayed 
molar tooth, the roots of the first and secoml molars arc in close relation 
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to and may perforate its floor 
The commiinjcation of this st 
nus with the nasal ca\it) is 
higher than the floor When 
suppuration occurs it is there- 
fore often necessary to make 
an ariificial opening in order 
to provide drainage 

The larynx The larynx is 
situated in front of the phar 
)nx and is continued below 
into the upper end of the tm 
chea It will be desenbed m 
Chapter 22 

The trachea or windp pe 
The trachea commences at the 
lower border of the larynx and passes behind the sternum into 
the thorax It is a wide flexible membriiioiis tube stiffened by 
regularly spaced incomplete rings of cartilage The gaps in the car 
tilage are on the posterior wall The tube is lined by mucous 
membrane the surface epithehiim being ciliated columnar in character 
(Fig 199) 

The bronchi and broncholes Soon after entering the thorax the tri 
diea dUidcs into a right and a left 
bronchus (pi bronchi) Each bron 
dius diMdcs into several branches 
that after a short course plunge into 
the substance of a lung The earn 
lage now less evenly spaced is con 
imucd into the bronchi as far as thcir 
entrance into the pulmonary tissue 
but then disappears illiin the sub- 
stance of the lung the bronclii divide 
into innumerable branches of pro- 
gressively diminishing calibers like 
the roots of a tree until divisions of 
very narrow diaincier are reaclictl 
called bronchioles *I lie bronclii and 
bionchiolcs are lined by niiicousmcm 
brane surmounted by cilnted coUim 
liar cpiihclinm conimuous vviib that 
lining the tmcliea The smooth inus 
dc which in the larger bronchi and 
uacliea is disixised longitudinally and 
omfined to the posterior wall has 



Fg 79 9 The thyro d end erica d car 
llagei the trachea and bronch wth 
reloled structures. 



Fie 79 6 The paranoial i nuiet 
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a latticelike arrangement in the smaller bronchi ^nd bronchioles The 
rvhole extent of the bronchial tree is richl) supplied uuh elastic fibers a 
fact of great importance m respiration 

THE LUNGS 

A lung (Fig 19 10) occupies each half or so of the thorax They aie 
coneshaped organs imh iJieir apices directed louard the root of the 
neck and their bases molded to the convex surface of the diapiiragm 
They overlap the greater part of the heart Tlie right lung is divided into 
three parts called lobes by two fissures The left lung is divided into two 
lobes by a single fissure On the medial surface of each lung is a depres 
Sion called the hilum where structures composing the root of tlie lung 
enter and leave the organ These structures are a bronchus a main 
brandi of the pulmonary artery two pulmonary veins bronchial arteries 



Fig 1910 The lungs A ihe ovier wrfece of the left lung B the 
med d surface of the left lung vessels not shown C the outer 
surface of the right lung D entorged sVetch of the root of the 
left lung 
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and ^cins, ner\es Ijmpliatics and lymph nodes Througli liie medium 
of the root of the lung (pulmonary \cssefs) , the heart is connecietl to 
the trachea 

The respiratory part of the lung The bronchi and bronchioles basing 
relatisely thick nails composed of muscle and mucous membrane do 
not permit the intertlnnge of the respiratory gases (oxygen and carbon 
dioxide) between the air m the lungs and the blood The finest branches 
of tlie bronchioles, the terminal broncliiolcs, arc continued eidi into a 
delicate and short tube called n respiratory bronchiole The latter is 
the first part of the truly respiratory tissue of the lung It is succeeded 
by a cluster of air passages or diambers whose uaJJs consist of a single 
layer of flat epithelium The res 
piratory brondiiole and the spaces 
into which It leads are called a 
lobule of the lung, or a lung unit 
A lobule IS shown m Figure 19 II 
The respiratory bronchiole gnes 
rise to a number of short passages 
called alveolar ducts, each of 
which opens into several passages 
called atna Each atrium m turn, 
leads into spaces called air sac* 
cules, or air sacs, which show sev 
era! shallow pouches in their 
avails these are the pulmonary 
alveoli The pulmonary alveoli Te«"iio! 
are m contact VMih a rich plexus i- --t- .i 

of capillaries Only througli the 
walls ot Ilic spaces composing a fg 19 11 A lobule ol ik. long AT ct,o, 
lung unit does any inlerchange o[ ^5 „ , 0 .. 0 I 1 

respintory gases occur Smooth 

muscle can be traced into the lung unit as far as ihe wills of ihe atna 
Spasm of this muscle occurs m asthma and by strongly constricting the 
airuay at this point, impedes the outflow of air from the air saccules 

By far the greater pan of the fung is made up of these air diamhers 
One might ilniost say that the lungs wctc formed of a ‘frothed in$uc 
By virtue of the large volume of air that these spaces contain the lungs 
float m water, and for this reason are commonly known in populir Ian 
guage as the ' lights ’ This buoyancy of the lungs is of medicolegal 
importance, before birth or in stillborn infants the air spices, not hav 
mg been expmded by air, sink in water like liver or any other tissue 

The pulmonary ilvcoh being m communication through the bron 
dual tree with the atmosphere, are always filled with air The wills of 
the ilvcoh ire extremely thin and incomplete, for they arc comjxiscd 
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of fiat cells iMth man) gaps between them* Since each aheolus is sur 
rounded b) capillaries the red cells as the) pass slowly along these 
\essels are separated from the air at the most by only li\o membranes of 
the greatest possible thinness 

The pleurc Each Jung is cotered by a membrane composed of a single 
layer of endothelial cells lying on a stratum of areolar and elastic tissue. 



F 9 19 12 Transverse 
sect on through the 
thorox to show the 
itfveture* in the me- 
et osl num svpener 
oipect heavy I nes 
Ind cote the layen of 
the pleura 


This membrane called the pleura (pi pleurae), is adherent to the lung 
and clips into the fissures separating the lobes Traced toward the root 
of the lung It IS found to fill short of readimg that structure Instead it 



woU 


leaves the pulmonary surface and 
passing to the walls of the thorax 
lines the sternum and ribs Below 
It passes to the upper surface of 
the diapluragm which it covers 
and then turning upwards runs 
through the thorax where it comes 
into relation with the pericardium 
and the great vessels Turning 
again m the upper part of the 
thorax it returns to the lung near 
Its root and becomes continuous 
□gam with the pleura on die pul 
monary surface Thus the lung in 
Its refaiion to the pleun may be 


r 0«ing to the gaps in the ahcolar walls ihe capillar es are in many places directly 
exposed to the lung a r 
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imagined as having been pushed into the side (not into the interior) of 
a closed membranous sac s\hich results m its being co\ered by two la)ers 
of die membrane One layer, called the pulmonary pleura, is adherent 
to the lung as mentioned above The otlier layer that lines the thorax is 
called the parietal pleura The two layers, which are in contact except 
for a thin film of serous fluid can be separated when the cliest is openetl 
after death The space between the two layers winch during life and 
m health is in reality nonexistent is called the pleural cavity (see also 
p 295) Inflammation of the pleural membrane is called pleurtsy or 
pletirtlts In this condition a large quantity of fluid may fonn and sepa 
rating the two layers of the pleura, convert the potential space into an 
actual one Air in the pleural cavity is called pneumothorax (see below) 
The space between the pleurae of the tw-o sides of the body is called the 
mediastinum, it contains the heart and penardmm the great vessels 
trachea esophagus the thoracic duct the phrenic and other nerves and 
several lympli nodes (Figs 19 12 19 15) 


MUSCLES OF RESPIRATION 

The chief muscles of respiration are the diaphragm and the external 
intercostal muscles Other muscles of the thorax and those of the abdoini 
nal wrall play a minor part in normal respiration but may become 
important m diEcuIt breathing 

The diophrogm A large muscular sheet called the diaphragm com 
pletely separates the thorax from the abdomen (see Fjg 5 2t) It is dome 
shaped with the convexity directed lonard the thorax This surface in 
us central part is in relation to the heart within the pericardium and 
on either side to the pleura covering the bases of the lungs It consists 
of a central leaflike aponeurotic tendon and a broad circumferential band 
of muscle The muscle arises from (a) the xijihoid of the sternum (b) 
the costal cartilages of the lower SIX ribs on eacli side and (c) the lumbar 
vertebrae by two flesliy pillars called the crura (sing crus) The muscle 
fibers converge from tJicse tJirec origins to the edge of iJie central lenilon 
into which they are insertctl There are three large openings in the 
diaphragm for the passage of the aorta inferior vena cava and the 
esophagus The diaphragm is supplied by the phrenic nerve 

The intercostal muscles These are two sets of muscles external and 
internal, that run obliquely from rib to rib and fill up the spaces be- 
tween them (see Fig 5 25) 9 

The external intercostal muscles arise horn the lower borders of the 
ribs over a distance extending from die tubercle of eacli beliind to near 
the costal cartilage in ironi On the back of the thorax the fibers of the 
external intercostali run downward and laterally, on the front they are 
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direcied dowjn^ard nnd medially cadi musde is inserted into the upper 
border of the next nb below 

The internal intercostal extend from the sternum anteriorl) 

to the angles of the ribs taking their origins from the costal cartilage 
and the grooie on the inner aspect of the nb near its lower border The 
fibers run in a direction at nghi angles to iliat of the external inter 
costals and are inserted into the upper border of the rib below The 
actions of the diaphragm and iniercostals will be described with the 
mechanics of respiration 

INSPIRATION AND EXPIRATION 

The entrance of air into the lungs is called inspiration, or inhalation 
Tlie exit of air is called expiration or exhalation A double respiratory 
mosement— inspiration and expiration— occurs from 16 to 18 times per 
minute in adults The respirations arc more rapid in young childnrn 
Since the air sacs are so small and so numerous it is eiident that some 
special means must be craplojed to force air into them all during the 
short lime occupied by an ordinary breath In order to understand the 
wa) in which this iS accomplished the stnicturc of the cliest and the rela 
tion of the lungs to the outside air must be described 

The thorax is a completely dosed box. The diaphragm bounds it 
below and separates tc from the abdominal canty Its walls are formed 
by the nbs and the intercostal muscles \*ertebrae and the sternum It is 
also completely dosed abo%e by the structures at the root of the neck 
Ue base seen chat on each side of the c/iert is a closed membranous sac 
whose walls are two membranous layers that ernelop the lungs and 
that between the layers (the interior of the sac) is a potential space 
called the pleural ca\ily The layers lubricated by a film of fluid glide 
upon one another dunng the respiratory raoiemcnts They are held to- 
gether partly by the fluid film but mainly because of a suction — that 
IS a pressure less than that of the atmosphere — that exists between them 
This suction or subatmospheric pressure is created when the frsi breath 
IS taken at birth (see below) Should the diest wall be punctured and a 
pleural sac opened air enters through the opening the suction pressure 
IS abolished and an actual space between the two layers is produced- The 
manner in sshich the n%o layers of the pleura are held together under 
normal arcumstances may be compared to the way in which tsso siet 
glass slides adhere to one another T\ hen they are pressed togetlier so as 
to express the air from between their surfaces the pressure of the atmos 
phere upon their outer surfaces holds the slides firmly together They 
can be made to glide oser one another but only by permitting a little 
air to pass betw een tliem can one be lifted from the otlier 

Thus we see that while a pressure less than that of the atmosphere 
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exists upon the pleural surfaces of the lungs, the interior of the lungs — 
that IS, the air sacs — is m communication through the air passages uah 
the atmosphere During inspiration the thoracic cavity is increased in 
all Its diameters it resumes its previous size during expiration 

Whenever any cavity is increased in size, something — iir, gas or 
liquid — alivays tries to fill it Tliat is the pressure uithiri the enlarging 
cavity falls (see below) and the higher pressure surrounding it causes 
the air, gas, or liquid to enter it, until in the end the pressures within and 
without are equal The cavity, as it enlarges, is said to stick air or lluid m, 
but actually it is the higher outside pressure that fills it to its new 
capacity 

The only way m vvhich the extra space crciied within the tliorax 
during inspiration cm be filled is by air rnslimg through the trachea into 
the lungs and expanding them Tint is ictuilly what happens when one 
draws tn a breath — nr at the higher pressure of the atmosphere is forced 
in To put the problem in another way, let it be supposed tliai the ujiper 
part of the thorax is open to the outside air simply through tlie trachea 
the lungs being absent ^Vere the tliorax completely closed everywhere 
else, then, when its capacity increased, air would rush in from the out 
side through the trachea When the sue of the thorax became reduced 
again, the air would be forced out The ilioiacic box vsould be i kind 
of bellows, the trachea representing the nozzle, the thoracic walls the 
sides of the bellows It the trachea ended below m an empty bag within 
the thorax, the general principle would not be altered IVhen the thonx 
increased m sue, air would rush m as before, but would then fill the 
attached bag The lungs essentially are no more than millions of tiny 
sacs, opening through the smaller tubes into the windpipe, therefore 
the entrance of air vvlien the chest expands (inspiration) and the expul 
Sion of air when the cliest collapses again (expiration) can be similarly 
explained 

The lungs contain a large amount of tissue that is highly clastic 
During inspiration, when the lungs are mllaied, this tissue is stretclied, 
and the lungs, offering a certain resistance to this stretching force, strive, 
.IS It acre to return to iJ/eir unwfJated st^ie Tins causes a /«jJJ between 
the two layers of the pleura, but the pull i$ not sufficiently strong to tetr 
them apart \Vhen, however, a communication is made with the aimos 
pherc by puncturing the chest wall, and suction is thus abolished tltc 
clastic lungs recoil to their uncxpmdcd, or collapsed, state The layer of 
the pleura covering the lung is then drawn away from the layer lining 
the thorax The actual space now createil between the thoracic wall nid 
the lung IS filled with air This condition, as previously mentioned, is 
called /jnetiwiol/ioro* It may result from disease or from an accident 
The collapsetl lung cannot, so long as the opening exists or air is present 
m the thorax, become inflated Sometimes, therefore, in pulmonary 
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tuberculosis a pneumothorax is produced intentiomlly usinlly by in 
jeciing air into the pleural the object being to bring about a cure 

of the diseased lung by putting it at rest 

The model m Figure 19 14 will sene to illustrate some of the pnn 
ciples gi'en in the foregoing paragraphs The glass jar is completely 
sealed from the air, and a Y tube m imitation of the tracliea and mam 
bronclii passes through the cork. To each brancli is aiiadied an empty 
elastic bag representing a lung The floor is a flexible diaphragm, whicli 
can be drawn dm\n to increase the flasks capacity When the size of the 
space is increased in this s\ay, the air pressure in the flask must lend to 
fall, but atmospheric air at once flows m (or, one might say, is sucked 
in) tlirough the tube to equalize the pressure The bags are expanded 
by the inrush of air and continue to distend until the greater space 
created by the descent of the chamber s floor is filled 



How the changes In the capacity of the thorox are brought oboot We 
must nosv siudj the means by svliich the changes m thoracic capacity 
are produced The thorax is a cliamber SMth jointed walls composed 
largely of bones and cartilage held together by muscles and ligaments, 
it has a Tna\ab\e ftoor ot muscle called lite diaphragm l-ike bars of a 
cage, the ribs, twelse on each side, form the greater part of the chest's 
framework In front the nbs (except the lower two on each side) are 
attached to the breastbone by candage. Behind they arc connected to 
the thoracic seriebrae by movable joints From these connections they 
run in a cursed and slanting direction fon^ard and for the most part 
slightly dossnsvard 

During inspiration the dimensions of the thoracic easily are m 
creased mainly by three moseraents 

1 The external intercostals contract Tfie contraction of these mus 
cles svhicli he between and are attached to eacli pair of nbs on either 
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side of the chest, raises the front ends of the ribs into n more honromal 
position thus the front to back diameter of the thorax is increased (Fie 
19 15 1) 

2 The tmisverse diameter of the chest is increased b) a rotation of 
the ribs upt\ard and ouuvard Thismosemeni has been compared to tint 
of a bucket JiandJe as it is raised from the side of the bucket (Fig 
19 15, 2) 



Fig 17 15 1 Th« p«sit ons gf th« nbs during 
Aj inipiralion and 6 exp ration, lalerol view 
This mavemeni Increases the onieroposterior 
d ometer of the thorax 2, the bucket hondle 
movement bee text) 


Fig 1916 The positions of the da 
phragm during A inspiration, and B 
exp ral on 


3 The diaphragm moses dosvnssard with a pistonhke action (Fig 
19 16) , thus the serticnl dimension of die thorax is increased The dia 
phragm tn us descent presses the abdominal contents downwards and 
causes an outward mosemeiu of the abdominal wall About CO percent 
of the air drawn into the lungs during inspiration is accounted for by 
the downward moseroent of the diaphragm 

During expiration all these moscmenis are reseised, the external 
intercostals relax the ribs resume their more oblique direction 
and the diaphragm rises to us previous position Air is forced out of the 
lungs The movement of inspiration involves a definite though usually 
unconscious effort on die pan of the individual — a contraction of mus 
cles In expiration, on the contrary, the thorax returns to us former size 
with little or no c/fort, simply as a result of muscular relaxition The 
bony cage falls largely of us own weight to resume its previous size The 
elastiaiy of the ligaments and cartilages, of the lungs (the highly elastic 
bronchial tree) themselves, and of the abdominal muscles also aids the 
return movement, which is therefore rather in the nature of a recoil 
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The expans on of the lungs ot brth Before birth the lungs are of 
oiurse <}u\ie -Mrless The air spaces ate small and contain onl) a hiile 
fluid The pulmonary tissue recenes just sufficient blood to ensure its 
nutrition "Wlien the cord is tied and the neuborn thus depnied of its 
o\)gen supply recened from the maternal blood as tsell as the means 
of eliminating carbon dioxide the respiratory mechanism is stimulated 
the muscles of respiration contract uhicli means that the capaaty of 
the thorax is increased This tends to reduce the pressure on the pleural 
surfaces of the lungs So if the ainvays are clear the higher pressure o! 
the atmosphere causes a flou of air through tlie trachea and into the fine 
air channels The lung is therefore expanded to fill the enlarged capaaty 
of the thorax \\ere lungs made of a plastic but inelastic material such 
as perished rubber they noutd be pressed against the thoracic svalls but 
the pressure in the pleural ca\ny iiould be the same as that of the atmos 
phere The lungs hoiveter are highly elastic owing mainly to the elastic 
tissue in the bronchial tree. They are always tending to recoil to their 
prenatal stale like stretched live rubber thus striving as it were to pull 
die layers of the pleura apart It is tins elastic pull that creates the 
suction or subatmosphenc pressure within the pleural cavity and that 
persists with variations due to the respiratory movements throughout 
life 
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The Physiology of 
Breathing (continued). 
Gas Exchanges 


ATMOSPHERIC PRESSURE 

The pros«ire of the atr ai ihe le\e! of the sea as at New 
York, Hal«fa\, or Snn Francisco, is arountl 760 mm Hg Thai is, the 
pressure of the atmosphere will support i \ertical column of mercury 
{sshich IS 136 limes heavier than ivaier) 760 mm high TJie pressure of 
the atmosphere becomes prot^ressncly lower at inasasing disiinccs above 
the level of the sea The reason for this difference is that at sea level 
the molecules of the gases (nitrogen oxjgen and carbon dioxide) com 
posing the air are more closeI> packed and their combincvl weights there 
fore greater than at higher altitudes 

The pressure of the atmosphere is m^isurcd bj means of nn insiru 
mem called a beiromeler It consists csscnliall) of a graduated vertical 
glass tube closed at its upper end exhausted of air and filled, except 
for a short lengUi above, with mercury (Fig 20 1) The barometer was 
invented as an outcome of a simple experiment bj the Italian pli^siast 
Torricelli (1643) which provetl tlwt the atmosphere exerted a constant 
pressure upon the earth He took a glass tube, closed one cn<l. and filled 
It vvuh mercury The air in this way, was driven out The tube was then 
blocked at its open end with a finger and invcnctl The blocked end 
was placed beneath the surface of some mercury in a small basin (Fig 
20 2) When ihe finger was withdrawn the mercury column fell until us 
upper surface was abom 760 inm above the level of the merairy in the 
basin Tomcelh concluded tbai its further fall was preventetl b> the 
pressure (or weight) of the aimosplwrc upon the surface of the niercuiy 

293 
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in the basm, for since the space in the dosed end of the tube was free 
of air there u-as no counterbalancing pressure upon the upper surface of 
themercur) column 



Some space has been gncti to a description of atmospheric pressure 
because man) persons find it difficult to undentand Its effects are nlen 
so for granted that their nature is not full) realized For example ue 
speak 6f "drawing water from a well or of the pump sucking up the 
ssater But the pump merel) creates a partial sacuuni in the pipe it is 
the pressure of the atmosphere upon the surface of the svatcr in the well 
that forces the water up the pipe.* Similar!), because our bmlics Insc 
become adapted to ssiihstand it, wc arc itmwnre that the aimosphtrc 
exerts a tremendous pressure upon our bodies (about 1 ton to the sf|iure 
fool) Indeed svere the air as weightless is it seems to be, many pli)sK»' 
logical processes would base to be quite different W ere there no atmov 
pheric pressure, air could not enter the Jungs Moreover, since there 
would be no countcrbafancing pressure upon the bod), the blood (at a 

* Therefore a* « well known a pump bowew petfettly mnsirueicd cannot "draw" 
water to a f^alcx height than alwut SI feet (or 10J30 nim) uliidi ti the etjunaleni 
of "GO tnm Hg 
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pressure of 120 mm Hg) should burst the \essels the intestinal gases 
t>ould expand and enormousl) distend the abdomen 


THE COMPOSITION OF THE AIR 

The percentages of the tluee gases in ordinary, fresh dry air are ns 
follotvs 


Nitrogen 790?* 

Oxygen 20 94 

Carbon dioxide 0 04 

Tins is the composition of the air \\c mltale (inspired air) The air tie 
breathe out (expired air) has a louer percentage of oxygen and a higher 
percentage of carbon dioxide since the air, during ns stay in the lungs 
has had some of the oxygen removed from it and some carbon dioxide 
added to it 

The table below shows the composition of expired air and of the 
air in the pulmonary aUeoli (alveolar air) Both these airs arc saturatetl 
uithtsater sapor 


TAStE 20 I 

COMPOSITION OF EXPIRED AND ALVEOLAR AIRS 
IN PERCENT 


Cot 1 

Exptred oir 

Alveolar eir 

1 

Nitrogen j 

792 

80 3 

Oxygen | 

163 

142 

Carbon dioxide 

45 

55 


A g 15 or a mixture of gases sucliasair motes from a point of higher 
to one of lotier pressure until the pressure throughout the enure body of 
the gas IS equal ^Vhen tt\o or more samples of a gas at dilferent pressures 
are brought together, the equalization of pressure throughout the whole 
body of the gns is brought about by the diffusion and intermingling of 
the molecules until they are etenly distributed (Fig 20 3) It is the 
incessant bombardment by the gas molecules on the walls of the con 
taming sessel that is responsible for the pressure of the gas Therefore 
if the number of molecules within a giten space is doubled — that is if 
the gas IS compressed to half its previous volume — the bombanlmcni 
upon the walls of the vessel v\dl increase proportionately, and provitletl 
that the temperature remains the same, the gas pressure smII be doubled 

^iTI IS pciccntagc it chides 094 pcroctii argon and other rare gases llicy arc of rro 
{tliysiol tgical imi>ortancc 
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20 3 Tho d {7won of o goj from a 
poflt of h gher to one of lower preiture 
Tho dot» repreient goj molecvlet Two 
ore shown connected by tub ng 
provded w (h a top In the upper pofr the 
top « closed o h gh got pressure s cre- 
ated in the left hand vessel and a low 
pressure n the t flht hor»d one In the 
lower po r the top has been turned so 
ihot there a f ee common cat on between 
them the gas molecules poss from the 
reg on of h gh pressure to the region of 
low pressure unl I the number of the mole- 
cules in eoch chomber end so the got 
pressu es In the two vessels become eguoL 

Reducing the concentration of the molecules uithm the space to half — 
ihnt IS doubling the \olumc of the gis— -haUcs its pressure These facu 
are embodied jn Ro) le s Jan 

Altering the temperature of a gas also affects fhc movcmenli of tts 
molecules (Ch 1) and consequently its pressure Chnrlcs lavf* stales 
(hat tf the s'olumc of a gas i$ }.cp( constant its pressure increases by a 
certain ratio of the rise in temperature 

Each of the three gnses— o\ygcn nitrogen and carbon dtoxide— 
tomponTis the atmosphere ^or the tnthtniin} gases in any mi\inre ol 
gases) exerts tts own pressure in proportion to its pereentage in the mix 
lure and quite regardless of the presence of the other tuo gases This is 
Dalian s law of partial pressures For exmiplc the pressure of oxygen in 
the atmosphere since it constitutes approximately 21 percent of the air 

TABLE 20 2 

PARHAL PRESSURES OF INSPIRED EXPIRED AND ALVEOLAR AIR 
IN MM HG 

(Barometer 760 mm Hgl 

Goi hsp red a r Exp red o r Afveo/or o r 

N trogen 5964 568 3 5718 

Oxygen 158 3 116 2 101 2 

Carbon d ox dc 0 3 28 5 ^0 0 

Water vopor 5 0 470 47 0 

Totol 760 0 760 0 760 0 



Th s f* a(« known a* the tfiu* o/Cey /uuof 
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IS about 21 percent of the total pressure — that !s ^’/mo X 760 = 160 mm 
Hg at sea le\el At a higher altitude — 5a> i\here the aimospJieric pres 
sure IS onl) 600 mm Hg — the pressure of oxygen tsouUI be onlj about 
126 mm Hg At sea Ie\el nitrogen ».eris a pressure nearly four times 
greater than that of oxygen (approximately 79 percent of 760), and 
carbon dioxide (0 01 percent of 760) only about 0 30 mm Hg 

The partial pressures of nitrogen oxygen carbon dioxide and u-atcr 
sapor in inspired (atmospheric), expired and alveolar airs are given m 
Table 20 2 


GAS EXCHANGES 

Nearly all living cells of the highest to the lowest organisms require 
oxygen for m order to obtain the necessary energy for their various 
activities, they must burn (oxidize) the carbon of food materials The 
burning of carbon whether within the cells of the body or in a fire out 
side the body consists in the combination of carbon (C) with oxygen 
(Oj,) that IS the oxidation of carbon Carbon dioxide (CO*) therefore 
IS formed which is exhaled in the breath or which ascends in the smoke 
o£ the fire (Fig 20 4) 

The respiratory and circulatory systems of animals have entered 
into a partnership for supplying the tissues of the body vwth oxygen and 
for removing the carbon dioxide of which the cells must be nd The 
blood removes oxygen from the air in the lungs and to the air the blood 
m turn gives carbon dioxide It will be necessary, in order that the reader 
may understand the manner m which these gas exchanges occur to give 
an account of the principles underlying the absorption of gases by liquids 

As we already know ihe pressure of a gas js high or low according 
to vihether its molecules are m high or low concentration — that is 
whether there are many or few within a given volume Clearly then if a 
liquid and a gas are in contact the greater the number of gas molecules 
that are bombarding llie liquids surface the greater will be the number 
that enter it and become dissolvcil It is true therefore that ihr grru/er 
the pressure oj any gas in contact uith a the greater uill he the 

amount of gas that the liquid uiU dissohe This is Henry s law nf the 
solution of gases 

It also follows that what lias been said elsewhere VMih regard to a 
gas flovNing from a point of higher to one ol lower pressure must apply 
also to the passage of gases between liquids and the atmosphere For 
example water in an open vessel dissolves or as we sometimes say 
absoibs oxygen and other gases from the aimosphcie The amount of 
oxygen that n vvill dissolve depenils as just staieiJ upon the pressure of 
oxygen in the atmosphere For this reason v>aier at sea level vmH dissolve 
more oxygen than at a higher altitude The pressure of oxygen at sea 
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le^el is about IGO mm Hg; on a high mountain top it is mucit lower. At 
any pressure the gas molecules pass into or out of a liquid until they arc 
esenly distributed betueen the gas and tlie liquid. In other svords, the 
pressure of o\)gen or other gas to which a liquid is exposed becomes 
exactly the same inside the liquid as outside of it. R) means of a com^ 
pressing force — that is. a force that will pack the gas molecules more 
closely together — water and other liquids can be made to dissohe mucli 
greater quantities of ox)gen and carbon dioxide than thq will dissohe 
at the ordinary pressure of the atmosphere. 

In this sv’ay such beserages as ginger ale and soda srater arc charged 
w’itli carbon dioxide; they are exposed to a high pressure of the gas. An 
airtight cap is afterwards applied to the 
bottle to present the closely crosvded mole- 
cules of gas within the liquid from escap- 
ing. Upon the removal of the cap, die 
imprisoned gas rushes out as bubbles until 
the pressure in the liquid and m the at- 
mosphere are the same, bubbling then 
ceases. The ginger ale cJiarged in this way 
is said to have a high pressure of COj, 
but its pressure of Oj will be no higlicr 
than the pressure of the hatter gas in ordi- 
nary air, for oxygen was not forced into it 
under pressure. Yet ox)gen also could be 
forced into a liquid by exposing the liquid 
to X high oxygen pressure UVren die fluid 
was exposes! again to the outside air, the oxy- 
gen would escape until its pressure equaled 
the oxygen pressure in the atmosphere. 

The exchonge oF gases between the at- 
mosphere end tho body. Tlie exchange of 
gasses between alveolar air aid blood (cx- 
terriftl rrsptralion) and between tissues ami 
blood (infernal wpirefion) is earned out 
according to the principles just described. The air, when it fills the air sacs 
of the lungs, comes into contact with the blood surrounding these spaces 
(Figs. 12.7 and 20.-1). The venous blcKid coming to the lungs has a high 
pressure of CO,, whidi it has absorbed from the tissues, but since it has 
at the same time as it received CO, given up some of its 0-. the pressure 
of the latter gas in the venous blood is low. The aheolar air, on the 
other hand, has a lower pressure of CO, but a high pressure of O,. since 
the air sacs arc being continually ventilated by the inspired air. As a 
result of these differences of pressure, CO, passes into the alveolar air, 
and O, passes from the alveolar air into the blood. The blood becomes 



Fig 20 4. Externol respiration A 
respiratory bronchiole and alve- 
olor duel shown going to a 
group of oir sacs. 
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Fig 20 5 Interncil reipirohon Cop liar «t between tiMue cells shown 
riled With red cells. 


bright ami arterial in cliaracter because it has a higher pressure of O* 
ami a loi\er pressure of CO than vi.hcn it entcretl the lungs The arterial 
blood IS carried to the tissues uhere the process is reicrscd The O, pres 
sure of the tissues is low since O, is being conitnuousl) used ami the 
COj pressure is high since this gas is being coniinuousi) fornietl Thus 
Oj passes from arternl blood to the tissues, and CO, passes from the 
tissues into the bloml (Fig 20 5) This exchange ol gases in tJje tissues 
produces the alteration itt the blood that gises its lenous character 
The partial pressures in arterial and \cnous blood are given m 
Table 20 3 


TABLE 20 3 

PARTIAL PRESSURES IN ARTERIAL AND VENOUS BLOOD 
IN MM HG 

(Borometer 7d0 mm Kg) 


Gas 

Arlenat blood 

Venous blood 

Nitrogen 

570 

570 

Oxygen 

TOO 

40 

Corbon dioxide 

40 

46 

Woter vapor 

47 

47 


The carnage of oxygen end its delivery to the tissues TL'cre the blood 
a simple fluid — no more than plasma (Ch 6) — the exchange of gases 
between it and the alveolar air and tissues would be fully described by 
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the account gi\en m the preceding paragraphs The quantity of O 
houever that could be forced into a cell free fluid sudi as plasma by 
the pressure of ibis gas in the lungs nould be sery small indeed — ^about 
0 S8 part to esery 100 parts of ptasnu — a little less than pure nater can 
carry The quantity of oxygen earned in this s\ay svould not suffice for 
the maintenance of life for a second The body even at rest requires 
eacli minute 50 times more oxygen than could be supplied by the fluid 
portion of the blood But as ne InoH the blood contains red cells and 
they hold hemoglobin which can absorb relatively enormom amounts 
of oxygen — 19 or 20 parts for each 100 parts of blood The red cells 
therefore serve for the storage and transportation of oxygen Oxygen 
then IS held in the blood in two ways — a small quantity is dissolved m 
the plasma and a much greater part is combined chemically nith the 
hemoglobin (Ch 7) ^ 

The quantity of Oj vviih which the hemoglobin can combine de- 
pends upon the pressure of the gas that is the quantity dissolved in 
the plasma which in turn ts dependent upon the pressure of oxygen in 
the alveolar air (Hg 20 6) When the pressure of oxygen ts high as in 



Pg 20 6 Curve to show the degree of soturof on of hemoglobin w ih oxygen of d fferenf 
pressures of oxygen Th s Is called ihe oxygen d ssoe at on curve of hemoglob n Note 
that os the oxygen pressure ncreoses the hemoglob n becomes more soturoted A glonce 
of the curve shows that of on Oj p essure of 100 mm Hg the hemoglob n is 95 to 98 
percent soturoted (the pressure of oxygen In the lungs Is about 100 mm Hg) Also note 
ihof the curve is sotnewhof S-shoped DaA shod ng reduced hemoglob n I ght shod ng 
oxyhemoglobn (After Borero/fJ 
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arterial plasma, the red cells hold nearly all (98 percent) the oxygen 
with which the hemoglobin can possibly combine — tint is, the hemo- 
globin IS 98 percent saiunteil with oxygen Reaching the capillaries 
the hemoglobin gives up about one third of its oxygen store owing to the 
low pressure of oxygen in the tissue fluids The pressure of oxygen in the 
cells of the tissues is ahsrays low, for here it is being used up These cells 
draw their supply from the fluids th-it bathe them the tissue fluids 
replenish their oxygen supply from the plasma, and the plasma receives 
Its oxygen from the hemoglobui So as the blood flows through the 
capillaries, the pressure of oxygen in the plasma falls consequently, the 
hemoglobin unloads a part of its oxygen again to Uie plasma, which m 
turn delivers it to the tissue fluids These fltially deliver it to the cells, 
wheie the oxygen pressure is lower stilt (See also pp H9 and 155) 

The cornoge and exchange of carbon dioxide The passage of carbon 
dioxide into and from the blood is as in the case of oxygen, simjAy a 
matter of diHerences between the partial pressures of carbon dioxide in 
air, blood, and tissues But the fall in pressure is reversed namely from 
the tissues to the lungs Only a very small quantity of carbon dioxide 
IS in ordinary or simple sohitton in the plasma, by far the greater part is 
stored and carried in chemical combniatton Of the latter, 10 percent or 
less IS loosely united to hemoglobin to produce a compound called 
carbhemoglobin The remainder of the carbon dioxide entering llie 
capillaries from the tissues is combined with sodium as sodium bicar- 
bonate * 

The qcranffCf of carbon cliovide present as sodtam hfcarbonate tn 
creases when the partial pressure of the gas in the plasma rises and 
diminishes when the pressure in the plasma falls So, the venous blood 
coming from the tissues since its CO. pressure is higher — that is it con- 
tains more of the gas in solution — also holds a greater quantity in the 
combined form than does the arterial bloml The blood in the capillaries 
of the lungs ‘ bubbles off some of its CO, in simple solution As a result 
of this, the CO, pressure of the plasma falls, part of the gas carried as 
bicarbonate is then released from combination and diffuses into the 
alveolar air The arterial plasma must then have a lower pressure of 
carbon dioxide and a smaller quantity of sodium bicarbonate 

The carriage of the respiraiory gases reminds one of a well organizctl 
transportation system The blood, having dehvcrcil its freight of gas, 
always takes on a return load Carbon dioxide is delivered into aheoJar 

iCariwn ilinxiile nhcn it enters the pbsma from ihc itaiic fluids peneiraics the 
ltd Mo<h 1 cells vihere it is acted upon by an ctuyme kno^-n as cnTbome anhydtoit 
cartonle vnlijrdriuts 

and converted lo carbonic acid (CO, + H,0 ■■ ■ - > 11 CO,) In the 

capillaries of ihc lungs tins enzyme bnngs about the reverse change — luiucly the 

csrbonie Bcihydriwe 

breakdown of carbonic add to carbon dimule and wairr (11,00, — ■ ■■ 

CO, + 11,0) Tlic gas IS eliminated in the cxpiml air 
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air while an ox)gen load is taken on Oxj-gen is later unloaded m the 
tissues and a return load of carbon dioxide is rcccned Tlic unloading 
of oxygen m die tissues is facilitated by the loading of carbon dioxide 
and the loading of ox)gen in die lungs encourages the unloading of 
carbon dioxide. 

THE EFfEaS OF EXCESSimT HIGH OR LOW 

ATMOSPHERIC PRESSURES 

low atmospheric pressures Mounto n sickness Tlie pressure of the 
atmosphere at mountain heights may be less than half that at sea Icsel 
An expedition to scale Mount Eseresi in the Himalajas ms undertaken 
in 1921 and a height of some 28 000 feet above sea level was teachctl 
At this height the pressure of the atmosphere is only about 2j0 mni Hg 
The proportion of oxygen in mountain air IS however the same as that 
at sea level — namely about 21 percent So the oxygen pressure at 28 000 
feet IS no more than (^Vjoo ^ 2a0) = 525 mm Hg (sec p 297) It is 
clear that at this pressure Uie blood oiuid lake up only a fraction of the 
amount of ox)gen that it could take up at the pressure existing at ica 
level (about ICO mm) The lack of oxygen or anoxia (Ch 21) has 
very serious effects Vomiting headaclie distress m breathing and blue 
ness of the face and hands result and finally unconsciousness and dcatJi 
This condition known as mounfaiit sickness increases m seventy as 
higher and higher altitudes are reached At let els of JODOOfect orsitlc 
symptoms are mild but m the Mount Everest expedition m which nearly 
iliree times this height vvas reached cenam members of the party sullucd 
severely The rate at whtcli the ascent is made also influences the seventy 
of the effects If a person makes the ascent slowly he may rcadi a height 
of 28 000 feet or perhaps more without tlic aid of oxygen because the 
body becomes acclimated to ti e rarefied air 

It IS evident tl cii that iii order to enable a person (o climb to a 
very high altitude or to ascend to i great height in an airplane some 
means — such as a storage tank of pure oxygen tubing and a suitably 
constructed face mask — must be providctl lor supplying oxygen and thus 
preventing anoxia Flights v itliout oxygen to he ghis greater than 1- 000 
or 13 000 feet arc decidedly nsky At altitudes of 30 000 feet or moic a 
storage tank and mask are quite inadequate to prevent oxygen lack. 
Some form of airtiglit cabinet that can be filled with iir under a ] rcssurc 
equivalent to that at a height of about 8000 feet must then be used. 
Should the aviator as a result of somcacadent be cx[x>sed to ihcrarcfci! 
air at 3a 000 feet or more the acute anoxia v ould cause unconsoousness 
within a few seconds 

H'gh etmospher c pressures Co sson $ ckness EquiIIy serious cffecls may 
result from exposure to high barometric pressures In laying the lounila 
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fions for bnd^ or quay piers large steel chambers called caissons are 
consiructed and louered beneath the uaier to the rivers bed In order 
to expel and keep out the water from the interior ot the caisson so that 
men can work inside air is pumped into it under high pressure The 
workmen draw this compressed air into their lungs and tlie gases nitro- 
gen oxygen and carbon dioxide are forced into their blood under high 
pressures and in a manner comparable to that whereby beverages are 
cliarged with carbon dioxide So long as the workman remains in the 
caisson no ill effects as a rule are produced but should he suddenly be 
brought to the surface and exposed to the ordinary atmospheric pressure 
the gases (mostly nitrogen) that have been dissolved at high pressure in 
his plasma and tissue fluids escape and form bubbles for the same reason 
that bubbles of carbon dioxide gas appear in ginger ale when the bottle 
cap IS removed The bubbles of nitrogen m the capillaries of the nervous 
system cause paralysis of various regions of the body The gas bubbles 
may form in and actually tear the soft nervous tissue If a vital area in 
the medulla is involved death results The cause of the serious effects has 
not always been clearly understood and several deaths have occurred m 
the past Now however the men after their shift in the caisson arc 
raised to the surface but are not permuted to enter a lower bnrometnc 
pressure immediately On the contrary they are kept in an airtight cham 
her in which the pressure to start with is the same or only a little lower 
than that within the caisson that they have left The pressure is then 
slowly reduced The long penod of gradual decompression avoids any 
violent discharge of gases from the blood or tissue fluids and so prevents 
the formation of bubbles and the occurrence of the serious effects men 
tioned above 

The severe pains in die muscles and joints that caisson workers 
suffer when rapidly decompressed are known as the bends They are due 
to the bubbles of nitrogen pressing ujxm sensitive structures Rapid 
ascents such as those often made by military aviators from sea level to 
a very high altitude— that is to where the barometric pressure is con 
sulcrably lower than 7G0 mm Hg — may cause effects similar to those 
suffered by caisson workers though much less severe In such instance 
the decompression is from a normal to a subnormal pressure whereas in 
caisson sickness it is from a high to a normal pressure 

Another effect of rapid airplane ascents is the expansion of gases in 
the intestine (Ch 27) which though not dangerous may cause much 
discomfort and pain In rapid descents the sharp rise m barometric 
pressure may cause rupture of the eardrum 
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CONTROL OF THE RESPIRATIONS 

For the control o( many (unctions of the body t«o means 
are employed The heart and blood >cs$els and the micstmes *ind stom 
aclt lor example ire controlled b) nencs ns ucU ns by chemical sub- 
stances cnrrjed to them »n the blood stream Tlic respintory mosemems 
also are goxerned by these two means It is usual ihcrcfore to speaL ol 
the nervous control of rcsjuraiion and the chemical control 

Nervous control It is a matter of common tnowledpc tint by an 
effort of the uill «e can modify the respimory movements The breath 
can be held or one can voihm limits breathe quickly or slonly hfihtly 
or deejil) Jn smgmj; or talking the tcspirations are modified voluntarily 
to Sint our purpose. Tet during sleep as veil ns most of the lime we nre 
awake the rcspimttons arc contimicil automatically and unconsciously 
In the lowest pnrt of the brain — the meduUn oblongata (Ch 37) — there 
lies a collection of nene cells that tnnsmits impulses jn a ceaseless 
stream The impulses piss along nerves to the various muscles of rcsptrn 
tion to cause the rhythinicnl coninctioiis and rclaxniions rcs]>onsibIt for 
the altcrn itc enlargement nnd rciluction in capacity of the thoncic 
envity The phrenic nerve which supplies the diaphngm Ins alrcatly 
been mentioned (Ch 19) The collection of nerve cells in the nieiJuJIa 
IS callcvl the respiratory center Should this center be serjnusly injiiretl 
as by a fnctuie of the skull or by n bullet v outul or liccome paraly/ctl 
by pressure or by jioisons such as morphine anesthetics etc ti can no 
longer send impulses to the respiratory muscles and death rcsulis. 

The expression respiratory center is an ovcrsimplificil term for three 


SOI 
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interrelated centers Groups of ner\e cells in the medulla oblongata dis 
charge impulses that cause inspiration another group causes expiration 
The) are called respectnel) th^ tnspiratory :n\d e'tpiralory centers At 
a higher level of the central nervous system (pons) is an area named tlie 
ptiettmolaxic center which ex 
erts an alternating inhibiting 
action on the lower centers 
thus giving rhyihmiciiy to the 
respiratory movements The 
respiratory center is readily m 
fiuenced by the rate at which 
It receives impulses from neigh 
boring or distant parts of the 
body along various afferent 
nerves That is the respiratory 
movements are to a large ex 
tent under reflex (Ch 34) con 
trol Stimulation of the nerves 
of the nose as by some pun 
gent odor may cause sudden 
suspension of the breath This 
suspensory effect serves to pre 
vent further inhalation of the 
irriianc gas Dropping water 
on the bill of a duck causes a 
similar response when the bird 
dives and us bill touches the 
water the breath is held with 
out the need of any conscious 
effort upon the part of the am 
mal Itself Imiaimg substances 
such as pepper etc also siimu 
late the nerves of i!ie nasal 
mucosa and cause sneering (see 
below) which clears the nose 
of the irritant 

The respintions are also altered in rate and depth as a result of 
impulses reaching the respiratory center along the vagus nene eiulmgs 
wtthtn the lungs themsches or in the abtlominal organs 1/cai or cold 
applied to the skin as by a hot bath or a cold plunge stimulates the 
nerve endings upon the botl) s surface and causes a reflex change in the 
rate of breathing As a matter of fact die stimulation of almost any sen 
sory nerve in tlie bod> if intense enough will cause reflex changes m 
respirntion (Fig 21 1) 



Fg 21 1 D ogrom to illuilrote how th« reipiro 
tory movements may be influenced by reflexes 
corr ed out through the resp rolory cenler The 
phrenc nerve supples (he dophrogm The I ne 
possng from the cerebrum to the resp otory 
cenler represents the course of impulses from 
miellectuol ond emol onol parts of the bra n 
that hove on influence upon the resp ratory 
movements. 
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Coughing snee-ing and liteaipmg are iTiodifications of the rcspira 
tory act brought about reflexly 

Coughing IS caused as a rule bj stimulation of sensory nerses m 
the larynx or trachea by an imiant — ^a snpor mucus or a small foreign 
particle. Or tt may be the result of some inflammatory condition of the 
loner repiratory passages causing irritation of (he sensituc nerse end 
mgs A reflex through the respiratory center follows A cough consists 
first of a quick inspiration tins is immediately folloued by a forcible 
expiration with the laryngeal opening closed resulting in the production 
of a high pressure within the lungs The larynx is then suddenly opened 
and the compressed air escapes explosively the air blast rushing iliroiigli 
the air passages sweeps any offending maternl away 

Sneo ing consiits of a deep inspiration follow'cd by an explosive 
expiration that drives a blast of air through the nose and mouth 

Htccuping results from some irritation of the diaphragm that causes 
It to contract spasmodically at irregular inienils It is usually of httle 
concern and anscs from some temporary gastric disturbance but occa 
sionally u is a symptom of serious disease. 

Laughing sobbing and yawning arc types of respiration 

modified by nervous impulses passing from the luglier (consaoiis) re- 
gions of the brain (o the respiratory center Ernotions other than amuse- 
ment or grief such as anger exatemem and fear, also mflucncc the 
activity of the center 

Control by the carotid body Near the carotid sinus the impomncc 
of which tn the control of the circulation has been discussed (Ch 17), 
there is to be found a small glamlltke structure known as the carotid 
body The carotid body is provided wiih small branches of the sinus 
nerve The cells of which it is composed are stimulated by carbon dioxide 
when this gas is in high conccntradoii in the arterial blood They are 
also e.xcitcd by a low content of oxygen in the blood Impulses are set 
up III the sinus nerve by the stimulation of ilicsc peculiar cells when 
either of these extremes in blood composition exists The im[>ulscs arc 
conveyed to the respiratory center and increase its activity — that is llic 
respirations are increased m raic and depth Since il reijuires a rather 
large excess of carbon dioxide or a severe oxygen lack in the blooil to 
increase the respirations it >s doubtful vvIictJier the carotid body plays 
an important part in the control of respiration under ordinary physio- 
logical conditions 

D reel chemicol control The carbon dioxide m the blood flowang 
through the respiratory center provides the stimulus u|X)n vvhich the 
ceaseless flow of impulses to Uie diaphragm and other musclm of rcspira 
non largely depends Even a slight increase m the amount of carbon 
dioxide m the blood inacases the rate and depth of breathing A reduc 
uon in the carbon dioxide of the blood slows the rate and r^uces the 
depth of breathing and if there is a great reduction, the respirations may 
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cease entirel) for a time For these reasons the quantity of carbon dioxide 
in the blood in health is kept practically the same at all limes It is on 
this account tijat one cannot hold the breath for sery long Carbon diox 
ide accumulates in the blood and stimulates the center so forcibly that 
no effort of the uill can prevent an inspiration or an expiration On the 
other hand, should a person bieaihe rapidly and deeply {forced breath- 
trig) for some minutes and then stop breathing, he may have no desire 
to breathe for several minutes, since large quantities of carbon dioxide 
have been removed from the blood by the forced breathing and the 
quaniuy that remains does not suffice to stimulate the respirator) center 
Not until carbon dioxide reaccumulates do the respirations recommence 
This state, in which the respirations are tcmporaril) suspended, is spoken 
of as apnea (hierall). no breathing) If oxygen is breathed before and 
during the period of forced breathing, the period of apnea may persist 
for 8 minutes Even a short period of forced breathing alone before a 
dive Will permit one to remain under water for a mudi longer time than 
usual The reader, however should be warned that breathing forcibly 
for more than a few seconds is risky for in some persons it produces 
cramps or even convulsions (see leian). Ch -10) 

^Ve may conclude then, that m tlie action of carbon dioxide the 
body possesses an efficientl) adjusted mechanism for the control of the 
rate and depth of breaihing—a regulation more delicate than that pos- 
sessed by the most precisely regulated machine \Mien it is remembered 
chat carbon dioxide is a waste gas whicli must be removed from the 
body, we cinnoc but be overwhelmed with admiration for the ingenuity 
of the chemical control of breathing Through tlte power of carbon 
dioxide to stimulate the respiratory center and through tins the respira 
lory movements, it calls into play the means for its own removal A much 
higher level of carbon dioxide in the blood is required to stimulite the 
carotid bodies 

Though seldom called into play, acids, such as lactic acid, it m 
excess m the blood, stimulate the respiratory center, both directly and 
through the carotid bodj Oxjgen lack does not siimuhie the respiratory 
center directly, its effect upon the nerve cells is depressant, and severe 
damage to the center rs catrsed by lack of oxjgen 

ARTIFICIAL RESPIRATION 

TVhen the respiratory mccbiimm has faded, as in the apparently 
drowned or as a result of caibon monoxide poisoning, electrocution, or 
other cause some artificial means must be emplo)cd to bring air into the 
lungs until naiural breathing is resumed or until all hoj>e of this occur 
ring Ins been abnndoncti 

In ait) method of artificial respiration promptness in starting the 
ireitmcnt is of first importance So long as ilie heart beats, the tissues for 
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a time are able lo pain a small amount of oxjgcn from ilie circulating 
blooil. But tlic heart Is pccullarlj siisrc|itiblc to oxygen tlcpris-aiion, ami 
unless the air in the lungs can be reiicuct! ami the bUxxl oxjgcnatetl, it 
tvill soon cease to beau Nervous tissue also, especially the higher centets 
of the brain, docs not survive for more than a few inimucs aficr Its 
oxygen supply has been arrcsietL When the heart ceases to beat and can 
no longer maintain the circulation, mcthoib of rcsmcitation arc mualij 
of no avail However, it is often impossible for one who is not mciUcallv 
qualified to detect the beat of the heart when it is very weak- For (his 
reason artificial respiration should be continued until natural breathing 
has been restored or until a physiaan has pronounced the death of the 
patient. Until then cfforis at resuscitation should be cnntiniicd.* 

Most methods of arttficlal respiration arc designed to increase and 
reduce alternately llic cijiactty of the thorax in such a way as to draw 
air into the lungs and expel it again. Thus the blood is oxygenated and 
carbon dioxide removed- Several methods have been dcvistxl for this 
purpose. 

The Sebofer method. Until recently the Schafer method of artificial 
respiration has been most widely uscvl, but cither the fiolger-Nielsen 
method or (ho mouth to mouth method, both of wfiich gne better sen* 
Illation of the lungs, is now recommended. Whatever the procedure used, 
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water, mucus or any other obstruction to the free passage of air is first 
remo\ed from the mouth and throat the tongue is drasm fonvard and 
all clothing about the neck waist and cliesi loosened 

The Holger N elsen method In the Holger Nielsen or backpressure 
arm lift method the patient is m the prone position ivith one cheek 
resting on his hands The operator kneels m front of and fanng the 
patients head he places his hands with thumbs near the mid line and 
fingers spread apart on the patients back below the shoulder blades 
The operator then bends fonvard svith elbous extended and brings his 
weight to bear steadily on the patients thorax (Fig 21 2) He then 
slowly brings his trunk again into the erect position at the same time he 
grasps the papent s arms just abo\c the elboivs and dnus them foni ard 
that IS tmvard the patients head This mosemeiit expands the chest 
The movements are repeated 10 or 12 times per minute 

The mouth to mouth method In this procedure the subject s lungs are 
distended hy the operators breath as shown in Figure 21 S It is clainieil 
to be the most efficient of all types of resuscitation The subject is laid 
on his back with neck extended The 
openior draws the patient s lower jaw 
upsvard and fonsard with hts left 
hand while his right hand presses 
steadily on the upper abdomen Then 
the operator applying his mouth to 
the subject s exhales into it while he 
waiclies the rise of the chest At the 
end of this inspiratory movement 
the operator withdraws his mouth a 
little while he lumself takes a breath and then reapplies his lips to the 
patients These movements are repeateil at the rate of about 15 per 
minute and continued until spontaneous breatlimg occurs or until the 
subject IS pronounced dead by a phjsician 

Care should be taken to keep the paiicnt warm throughout the entire 
procedure TVhen consciousness returns a hot drink may be given 

Mechanical devices such as the pulmoior that force air into tlic 
lungs and draw it out again though less exacting upon the endtinncc 
of rescue workers are not so satisfactoiy because unless the degree of 
ventilation of the lungs is carefully controlled the carbon dioxide of the 
blood may be reduced to a dangerous level and collapse of the circiili 
tion result Rupture of lung tissue ma) also l>e rauscil 

WTien artificial respiration must be continued for long pcrimls — 
da)s weeks or longer — the apparatus onginally devised b) Dr Thun 
berg the Swedish phjsiologisi and iraprovetl bj Philip Drinker must be 
used Tins apparatus which is popularlj known as the iron lung 
consists of an airtight cabinet in which the patient is placed except for 
Ills head wludi protrudes from an opening hermetically scaled around 
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his neck. By means of a motor ibe air pressure wthin ihe chamber is 
altematel) Io%\creU and raisctl at the rate of normal respiration When 
the pressure is reduced belou that of the atmosphere (Ch 19) the chest 
expands and air enters the lungs Air ts cxjicUed from the lungs tvhen at 
the next moment the pressure w inaeased again Thus inspiration and 
expiration can be induceil rhythmically for indefinite penotU It is only 
in exceptional circumstances such as in hospital cases that an apparatus 
of the kind described is asailable. A great many Uses Ime been saved by 
prompt application of manual methods of respiration 

OXYGEN DEFICIENCY ANOXIA HYPOXIA 

When for any reisoii the tissues do not rcceiie an adequite supply 
of oxygen the condition »s called flnorm (no oxygen) or more correctly 
hypoxia (Ion oxygen) The tissues may be prevented from getting 
enough oxygen through (a) failure of the blood to be jiropcrly oxy 
gentled m the lungs as a result of disease or of a low percentage of 
oxygen m the timosjiherc such as at high altitudes {mounttin sickness)— 
this ts called anoxic anoxm or anoxcwiw (b) reduced oxygen carrying 
capacity of the blood as in severe anemn— called nnemic anoxin— or in 
carbon monoxide {xnsoiung (c) slowing of the ciraihtion as in heart 
disease as a result of vslucli the blood m its passage through the capil 
lanes gives up i hrger than usual projiortion of iis oxygen load the 
venous blood therefore fits t lower oxygen content tliai is it conitms 
mona redtrcec? hemog/obm tfan type ts called stagnant 

atioxta {d) poisoning by cytntdeor t mrcoiic when the tissues tbvtract 
less than the usual quantity of oxygen from the blood — -this failure of 
the tissues to use the oxygen brought to them is called /iirtotoxir anoxia 
the venous blood is unusually bright in color since it contains more than 
the normal quantity of oxygen tint is less rcducetl hemoglobin In both 
the stagnant and hisiotoxic forms the arterial blood carries the normal 
quantity of oxygen (Fig 21 •!) 

Cyanoss (Ck Ayarios blue) Cyanosis is the term applied to the 
fifaeness of the skirt md mucous membrines of pattents sufTenn^ from 
the types of hyjxjxia under headings (a) and (c) above Cy mostv docs 
not occur in severe anemia or in tlic histotoxic type The blue color is 
caused by the abnoimally lugh concentration of reduced heuioglobm in 
the capillary blood There is a very tlcnnitc ronctntraiion of reduced 
hemoglobin in ihe cipilhry blood at vvliich cyanosis first appears namely^ 

5 grams j cr 100 cc {ihc loial hctntiglobin » around 15 grams per 100 cc 
of blood) For this reason cyanosis does not appear in severe anemia even 
though anoxia from other causes is present as vrcll nor in the histotoxic 

r Ii if onJf <j« le rccrnilr lhat the > tote « rrcct term J yf<ox a hat tome into ge i 
eral ii^ Tlie * unotle mnvxu eic, are »i It 0 e tnoic common impr jnrt are 
ui«l t ere 
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A arterol blood V venous 
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type In the first instance there is not the necessary amount of hemo- 
globin present in the blood to protide 5 grams of reduced hemoglobin 
in the histotoxic form since the tissues do not remote the oxygen from 
the capillary blood in the usual amount little reduced hemoglobin cer 
tainly much less than 5 grams per 100 cc is formed 

Dyspnea or diff cult breath ng Dyspnea has been defined as breathing 
that requires a conscious effort It may therefore be quite normal as 
during and following strenuous exercise Dyspnea is however a common 
symptom of disease and occurs when some slight muscular effort is under 
taken that would cause no distress m a healthy person or it may be 
present in the absence of any exertion as in a patient lying quietly m 
bed It is most frequently seen m heart disease or acute respiratory tlis 
ease in both conditions (here being itsuaKy anoxia Or it may be caused 
by an increased metabolism as m hyperthyroidism or fc\er Again the 
respiratory mechanism may be stimulated by the accumulation of abnnr 
mal aads as m diabetic coma In anemia there is dyspnea during e\en 
mild exertion but not during rest This is because during exertion the 
circulation which is speeded up during rest to compensate for the re- 
duced oxygen-carrying capacity of die blood cannot be further quickened 
sufficiently to supply the extra oxygen required for the exercise 

Oxygen odmmsfrafon In certain acute respiratory conditions accom 
panied by hypoxia the administration of oxygen in high concentration 
(50 to 100 percent) is of great value Also m heart disease in which the 
stagnant type of anoxia may exist oxygen inhafations are of benefit ft 
must be remembered howeser that there is a limit to the amount of 
oxygen that the bJootl will take up from the lungs Jn health blood com 
ing from the lungs is nearly 98 percent saturated s iih oxygen so incrcas 
ing the oxygen in inspired air 5 times does not mean that the blood will 
take up 5 times as mucli oxygen as s>hcn ordinary air is breathed The 
most that can be effected is to increase the oxygen saturation of the 
blood to 100 percent In the stagnant type of anoxia svhen the arlerial 
blood IS at the normal of about 93 percent this would mean an increase 
of only 2 percent or so Neacrihcless ihu extra 2 percent in heart disease 
1 $ often highly salutary 
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The Larynx, the Organ 
of the Voice 


THE ANATOMY OF THE lARYNX 

The larynx is sicuatcd m front of the pharynx and abose 
the commencement of the trachea Its frameiNork j$ entirely cartilaginous 
consisting mainl) of the thyroid and crtcotd cartihges 

The thyroid cartilage (Fig 221) is formed by tuo lateral plates 
called the laminae, i\hich meet in the roidlme m front at an angle to 
form a prominence like the prow of a boat In males after the age of 
puberty it is an obMous projection especially if the neck is thin which 
moies up and doivti during swallowing it is popularly knowm as the 
Adam s apple ’ The laminae are widely separated behind the gap is 
bridged by the tissues of the anterior svall of the pharynx The posterior 
border of each lamina show's an upper and lower projecting bar at its 
superior and inferior ends called the homs or cornifo The upper 
horns are much the longer and are directed upward the lower ones 
point downivard Tile upper pan of the Uiyroid gland lies in close rela 
lion to the sides of the thyroid cartilage though separated from u by 
muscles to which the laminae gi\e attachment 

The cncoid cartilage is shaped like a signet ring the shield of the 
ring called the hmina forming the lower part of the posterior wall of 
the larynx The cricoid cartilage lies below the thyroid cartilage and 
abo\e the trachea to the first ring of which it is joined by membrane 

1 "The ptotninence of the larynx in the male is a secondary sex character (Cli ^3) 
The adult male larynx is not only more |>roin nent faui u larger in all its d amcicn 
than ihe female organ This accounts for the d Rcrence in vocal pitch between men 
and women The SJie of the larynx m ihe male bears no reJailon to stature for we 
base all known large men with h gh pitdied so ces and small men wl osc vo c« were a 
deep bass. 

512 
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Fig 221 Th« cartilogei of the taryAX A, anterior v 6 ioterol view 


It IS also united to tlie lower border of the lh)Toid cartilage by a mem 
brane and a central ligament 

The larynx has seven other cartilages an arylenoid, a comiculate, 
and a cuneiform on each side, and an unpaired cartilage called the epi 
glottis 

The arytenoid cartilage t$ pyramidal in form and rests upon the 
lamina of the mcoid cartilage close to jis fellosy at the mid line pos 
tenorly A small synovial joint is interposed between each arytenoid 
cartilage and the lamina of the cricoid 

The comiculaic cartilage on each side surmounts an arytenoid carti 
lage, and is joined to it by a synovial joint 

The cuneiform cartilage lies m a fold of mucous membnne running 
from the corresponding arytenoid to the side of the epiglottis {nryrpi 
glottic fold) The two last mcniionctl cartilages are quite small nodules 
{rig 22 2) 

The epiglottis is a leaf of nbroclastic cartilage that lies behind the 
tongue and the hyoid bone, ns free, rounded end projects upwards 
behind the bach of the tongue Iis slender, siemhke lower end is aiiachctl 
by a ligament to the upper jiari of the thyroid cartilage in the angle 
between the two hminae In man it does not appear to hate any impor 
tint function, and docs not sene as a hd to the entrance into the larynx 
during swallowing as was ihoughi at one lime Food docs not enter ihe 
larynx afier the epiglottis has been destroyed 

The intenor of the larynx Two pale foUls of mucous membrane stretch 
across the cavity of the larynx from the middle of the thyroid cartilage 
near the angle made by the laminae to the arytenoid caruhges on the 
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posterior laryngeal ssall These simaures the organs of phonation are 
called the vocal cords (or folds) The) are separated by an intei-vTil that 
together with that between 
the arytenoid cartilages is 
called the rtma glottidis or 
simply the glottis (Fjg 22 2) 
The part of the larynx ex 
tending from its opening into 
the pliarynx to a little above 
the vocal cords is Inotvn as 
the vestibule In the neu 
tral position of the vocal 
cords — that is during ordi 
nary breathing — the part of 
the nma glottidis between 
them is relatively wide and 
triangular, the apex of the 
triangle being m front (Fig 
22 2 ) 

The interior of the larynx is lined with mucous membrane, covered, 
for the most part, by ciliated columnar epithelium over the vocal cords 
and the epiglottis the epithelium is of the stratified squamous type. 



PHONATION. VOICE PRODUaiON 

The mode of production of the human voice, with its varied tones, 
its range of pitch and its volume, has Jong aroused the interest of physi 
ologists As an instrument of sound the voice box, or larynx together 
with the cavities of the mouth, throat, trachea and lungs may be com 
pared to the pipes of an organ Certain notes can be played by the 
organist tliat imitate the human voice in a truly remarkable way A reed 
and the column of air in the organ pipe are set into vibration by an air 
blast In a somewhat similar manner the vocal cords vviilim the larynx 
are thrown into vibration by air expelled from the Jungs The nose, 
mouth throat, and chest serve as resonating chambers 

Movements of the vocol cords As mentioned above diinng ordinary 
breathing the vocal cords he at some distance from the mid line, they 
are also relaxed, the respired air passes freely between them without 
setting them into vabration In deep and forcible inspiraaon they are 
drawn still farther away from the roidhne (abducted) (Fig 22.3) In 
speaking or singing the vocal cords are adducted and m the emission of 
high pitched sounds the interval between them may be a mere sht, their 
tension is also increased These changes in the position and tension of 
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the vocal cords are cfTected bj miniature muscles’" that rotate the aryte 
noid cartilages to which the \ocal cords are attached Rotation of the 
arytenoid cartilages lateral!) abducts (separates) the vocal cords, rotation 
medially adducts (approximates) them (Fig 22 S) 



Sound possesses three properties loudness, pitch, and quality, or 
timbre 

The loudness of the soice depends upon ihe energy niih uJiJch Ihe 
socal cords vibrate, the greater the pressure under sshich the air is 
expired and the greater the movements made by the cords tlie louder 
util be the sound 

The pilch depends upon the length and tighiness of the cords, uhich, 
m turn, determines the frequency of their vibrations In children and 
women the cords are short, and the voice is high pitclied In men the 
cords arc longer, and the voice is deeper All ol us can adjust the tension 
and to some extent tlie length of our vocal cords and so alter the pitch 
of the voice, but trained singers have developetl this ability to the 
greatest degree 

The quality, or timbre, of our voices depends on the number and 
intensity of the overtones or harmonics ilrat are produced and these in 
turn depend upon the shape and capaaty of the resomiing chambers — 

5 The chief of llicse intnnwc muscles of the larynx are the posienor and laieral 
cricoaryicnoids, running ftom ihc laminae and the taierat surfaces of the cricoid 
canibge, respccmcly to the aryttnoid cartilage the tranuerse arytenoid muscles 
trasersing the inters-al iictMecn (he aryiritoHfs and the oblique arytenoid muscles 
running diagonally from the upper part of one ar^-tcnoid carhlige to the Jourr part 
of the other and crossing each oilier In the mid line behind (see Tig 5”C) The 
adductor muscles of the laiynx niav enter into spasm as v result (f a fotiign bod) 
lodging between or on the vocal cntvls if the glottis is completely closed asphyxia 
follows unless an opening is made into the trachea {iTaclirntomy) In tetany also, 
adductor laiyngral spasm sometimes ocoits (Oi 40) Eilema of ihe glottis due to 
inflammation of the laryngeal mucosa or of nructures of the throat or neck may 
cause such swelling as to compkicly dose Uie glottis. 
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the mouth the trachea and the chest Training of the \oice consists ^ery 
Jargel) in modification of the mouth and throat cavities so that the 
sound produced in the larynx receives the greatest possible number of 
these harmonics or supplementary tones 

In speech the sounds produced bj the vibration of the vocal cortb 
are modified by the numerous changes that may be made in the size and 
shape of the air passages — the pharynx and the mouth In pronouncing 
vouel sounds (a e t o oo tt oa) the air moves freely throu^ the air 
passages without interruption whereas in the sounding of consonants 
the issuing breath is stopped (stop consonants) at some point or impeded 
(continuing consonants) by a narrowed channel The type and quality 
of vowel sounds is determined by the shape of the mouth and the nasal 
cavities by the position— elevated depressed backward fonvard— of the 
tongue and its tenseness or laxness by the position of the lips and to 
some extent by the degree of tension of the vocal cords In the pronun 
aation of who or oo for example the lips are pursed or pouted and the 
tongue lax or depressed whereas in the sounding of ah the lips are open 
m the formation of he the lips are stretched w ith the longue tense against 
the teeth but in forming i the longue is relaxed and the lips partly open 
(Fig 22 4) 



F g 22 4 Show ng the pas t ons of the I pi and tongue and the vhope of 
ihe tnoulh cav ty when pronouncing a I end oo 


Consonants besides being slopped or continuing may be voiced or 
unvoiced In a voiced consonant such as b g and b the vocal cords 
vibrate in a voiceless one sudi as / p and / they do not The difference 
can be demonstrated by blocking the ears vvnth the fingers — the vibra 
tions of the vocal cords will be heard as the voiced but not the unvoiced 
consonant is spoken 

The consonants m and n are sounded partly through the nose and 
are therefore called nfljflh the nose passnges remain open but when they 
are blocked as by a cold in the head m becomes b and empty is pro- 
nounced as though It vs ere spelled ebly 
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^V^uspered sounds are produced by putting the .ipproprnte part into 
position and breathing ilirough the aperture without causing the cords 
to \ibrate The air tlien passes through that part of the nma glottidis 
Ijing between the arytenoid cartilages, the part between the \ocal cords 
themsehes being completely closed 

The function of speech imoKes neuromuscular mechanisms of the 
utmost complexity, it is truly amazing that the intricate nervous path 
ways and the coordination of the many muscle of the larynx, tongue and 
lips required to form words can be established within i few months after 
birth The child first learns to form vowels and consonants somewhat 
later 
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Muscular Exercise and 
Physical Training 


MUSCULAR EXERCISE 

IVhen a person contemplate;! strenuous muscular exercise 
ncnous impulses are sent out from the brain to t-arious parts of the body 
The heart beats faster, and more blood is pumped around the circulation 
Breathing is more rapid, and more oxygen is taVen inio the lungs The 
muscles become more tense In these and m many other w'ays, the body 
IS prepared for exertion esett before the exerase begins As soon as the 
acii\c contraction of muscles commences, the mechanisms mentioned 
above are set in motion more tigorously During extreme muscular effort 
the adrenal medulla (Ch 40) discharges its hormones — adrenaline and 
noradrenaline — and thus helps to bring the muscles circulation, and 
respiration to the highest state of proficiency 

In strenuous muscular exerase the body may use from 15 to 20 limes 
as much oxygen as at rest The body temperature may nse to 105 or 
10-1° F as a result of the heat produced by muscular exertion The heart 
in a strong healthy man is capable of pumping over 30 liters of blood 
each minute during the height of the exercise and the skeletal muscles 
may deielop energy at the rate of half a honepoiver per minute The 
readily available food rcserses in the body are very rapidly used up dtir 
ing s tgorous muscular w ork. 

The fuel of muscular exercise The type of food used as fuel by the 
muscles during exerase may be ascertained by analysis of the inspired 
and expired airs during and after the conclusion of the ssork, Informa 
tion can also be gamed from studies of the changes m the composition 
of the blood and unne. These studies have shotvn that sugars are the 
principal but not the only fuel used Sugar is capable of presiding 
318 
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energy ^ery quickl) As a result of \ery prolonged strenuous exerase, the 
amount of sugar a\ailable in the body may be losvered to a level at vvhicli 
various cliaractensiic s>-mpioras appear Feeding sugar helps to correa 
this condition In marathon races it is now common practice for the con 
testants to eat sugar in some form or other at regular intervals dunng 
the race. There is no depletion of sugar as a result of short periods of 
strenuous exercise, and no good effects can be expected from adminis 
tering it The fact that sugar is used m very large amounts during 
muscular exercise does not indicate that the carbohydrate in the diet of 
athletes should be increased The body is able to form sufficient sugar 
from the adequate diet discussed under nutrnion, except during very 
prolonged violent exertion. v\hen the store of quickly available sugar 
IS used up 

Recovery after exercise Oxygen debt During muscular exerase the 
respirations are increased in rate and depth and the total volume of air 
breathed greatly enlarged Thus the excess COj is eliminated and the 
lactic acid produced from the breakdown of carbohydrate (Ch SO) is 
oxidized, minimizing the tendency toward a reduction in the alkalinity 
of the blood The amount of oxygen uken into the body during the 
exerase is never suffiaent to meet the requirement Therefore, after the 
cxerase stops oxygen is consumed at a rate m excess of the normal 
resting consumption until the defiaenq is made good This oxygen 
intake may be determined by means of the apparatus described m Chap* 
ter 28 It may be said that during exerose the body goes into debt for 
oxygen, and that this debt is repaid dunng the recovery period that 
follow's the exerase. The amount of the debt vanes with the physical 
condition of the individual, vvith his state of training for the particular 
exercise, and with the intensity and extent of the exercise taken 

It IS surprising that in so far as the oxygen consumption is concerned, 
an hour may be necessary for recovery from a 100 yard sprint After pro- 
longed violent exertion, the recovery period may be two hours or longer 
No attempt will be made here to discuss methods of physical tram 
mg ^Ve are interested only m the physiological mechanisms by which 
an individual is able to increase his ability to perform various muscular 
exercises The fact that praciicc enables a person to perform a given 
cxerase more efficiently, and for longer pa-iods of time, needs no illus 
tration The remarkable endurance and cffiaency of the trained runner 
or oarsman is, hov^ever, worthy of comment The marathon runner may 
travel 25 miles m iv\o and a half hours 


PHYSICAL TRAINING AND ITS EFFECT ON THE BODY 
Various changes take place in the body as a result of graded physical 
exerase 
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The lungs The ^olurae of air that can be forced out of the lungs 
after thc) hate been fully inflated — that is after a maximum inspiration 
— IS termed the vital capacity If the \ital capaaty of a sedentary imh 
vidual IS determined bj has mg him expire through an air meter and the 
induidual then takes a senes of exercises that are carefully graded so 
that respiratory processes are stimufaced unduly the satal capaaty oxer 
a j>eriod of time xvill be found to base increased. That is, training in 
creases the quantity of air that the lungs can hold 

The heart The healthy heart of an athlete is able to increase enor 
mously Its output of blood when the demands of the contracting muscles 
for oxygen are increased It has been stated elscxvhere that the output of 
the heart is usually increased both by increasing the quantity of blood 
ejected at each beat and by increasing Uie number of beats per minute 
The heart of a sedentary person depends as a rule more upon cardiac 
acceleration than does the heart of the athlete Some famous athletes 
increase their heart rate surpnsingly Imle during exen strenuous exer 
ase the great increase in cardiac output of xvhich they are capable being 
brought about by the ejection of a much larger amount of blood at each 
heart beat The heart rate returns to the resting lex el much more quickly 
m the trained than m the untrained individual after the same amount of 
exerase The samens true of the respiratory rate. 

As a result of physical training the healthy heart becomes only 
slightly larger — a purely physiological increase m bulk commensurate 
vath the greater dexelopment of the skeletal muscles No great enlarge- 
ment exer occurs unless the heart is diseased Furthermore heart disease 
IS neier caused bj aihletics If the heart shows great enlargement or other 
Signs of disease during athletic training it may be taken for granted Uiat 
some cardiac abnonnality existed before training xras started or dexel 
oped during its coune from some other cause 

The blood The number of red blood cells may be slightly increased 
The increase in the amount of hemoglobin enables the blood to carry 
greater amounts of oxygen Apart from the effect of physical training 
upon the manufacture of red cells the spleen contracts dunng effort 
and forces an extra quantity of blood rich in red. cells into the arcula 
non (Ch 8) 

The muscles Although there is no change in the number of muscle 
fibers as a result of training the sue and strength of each fiber is greatly 
increased It is an interesting fact that the maximum improxement is 
obtained xvuhm tx\o or iliree weeks from the beginning of training m 
some muscle groups and that the muscles return to tiieir prexious con 
diiion inihm three weeks of the cessation of the special exerase The 
carbohydrate reserxe in muscle increases as a result of training 

£/iminfllion of superfiuotu muscular movements A xery great 
proxemeni in physical effiaency may be secured by the strict elimination 
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of muscular mo\ements that are not essential for the specific exerase 
involved For example unnecessary movement of the arms or shoulders 
ma) help to exhaust a runner Even the mam muscle groups may not be 
utilized to the greatest advantage and tt is often possible to correct this 
defect and thus to improve the performance When superfluous move 
ments are eliminated the available enei^ may be expended mucli more 
profitably 

Nerve pathways The factors referred to previously are not sufficient 
entirel) to account for the increased efficiency with which certain mus 
cular exercises are performed as a result of practice We say that such 
and such a movement has become automatic or that one is expert in it 
1 his phenomenon is referred to by physiologists as facilitation Tlic 
various nerve pathw’ays iliai are traveled by ilie several messages — brain 
to hand brain to foot etc — become better fitted to carry these messages 
as a result of each experience and the particular act or series of acts is 
performed vvitli greater preasion and ease 
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General Principles 
Involved in the Digestion 
of Food 


The of the digestive tract from the lower part of the 
esophagus to the louer end of the large intestine are composed of smooth 
muscle lined b} mucous membrane Many glands discliarge their secre 
tions into the lumen of the digestite tract Tliese three i)pes of tissue — 
smooth muscle, mucous tneml/mne, and glanduhr epttheUum — though 
found in many ocher situations, are appropriately and consenienily 
described here 

SMOOTH MUSCLE 

Smooth muscle, also called unstriatcd, plain, or involuntary muscle, 
though showing no cross stnations, possesses faint longitudinal linear 
markings Its cells or fibers are long and slender with tapering or 
branched ends that often interlace with one another The nucleus is 
usually single, and unlike skeletal muscle there is no distinct membrane 
(sarcolemma) enclosing the cell (sec Fig 4 1) But this type of muscle 
differs from the skeletal variety not only in structure but in ph}siologicaI 
properties as ivell The wa}s in which smooth muscle differs functionally 
from skeletal muscle are (a) slower, more sluggish contraction, (b) 
greater extensibility, (c) the exhibition of a sustained contraction, or 
tonus, for long periods without fatigue, e^en though separated from the 
central nersous system, (d) the poiver of rhythmical contraction, 
(e) the possession of a double autonomic innenation (parasympathetic 
and sympathetic), and (f) greater sensitivity to diermal and cliemical 
S24 
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influences and to certain i>i>es of mechanical stimulation, such as stretch 
mg, but a lower eKotabilitj to electrical stimulation 

Muscular tonus Tonus of smooth muscle maj be defined as the stead) 
sustained contraction through which the muscle offers resistance to a 
stretching force The rhythmical contractions are superimposed upon the 
tonus state, which may \ar) independently of the rhythmical contractions 
themsehes The tonic contraction of smooth muscle is assoaaied with a 
negligible expenditure of energy Ji is relatnely insusceptible to fatigue, 
heat production and electrical changes are not detectable, and a rise or 
fall in the degree of tonus is not accompanied by a corresponding change 
in oxygen consumption 

/Enlargement of hollow organs Certain hollow organs such as tlie 
stomach and urinary bladder and, to a less degree, the intestines, ha\e 
the remarkable ability to enlarge when their contents are considerably 
increased without showing any rise m internal pressure The tone of the 
muscle composing the walls of these organs becomes adjusted automati 
cally to the distending force This adjustment m tone and change of 
capacity is scry difficult to explain It is possible that in the stomach at 
any rate, the individual fibers, which are disposed in laycn, instead of 
being lengthened by the stretclung force, simply slide over one another, 
the wail of the organ thus being increased in area but reduced in thick 
ness This could occur with little strain being placed upon the fibers 
themselves In Figure 24 1 is a diagram illustrating how this might occur 
In the case of the scomadi, relaxation of the gastric walls occurs as soon 
ns food passes ihrougli the cardiac orifice This response was named recep 
live relaxatton by Professor Common The lowering of gastric tone may 
even occur while the food is m the esophagus and none has yet passed 
into the stomach The tone of the urinary bladder also falls and its 
capacity increases as the organ fills The same phenomenon is seen in 
other hollow organs 








F 19 24 1 Diagram lo lilojfrate lb« manner In which mwcle fben 
may slide over one another ond increase the copocity of a hollow 
organ The upper group of four muscle cells (1 to 4) Is from a 
hollow organ whose walls ore contracted ond Us covJfy olmost 
obliteroted; the lower group ore the seme muscle fibers when 
the organ is full fAfter GrufznerJ 
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MUCOUS MEMBRANE pvttJCOSA) 

A brief reference to the structure of mucous membranes has been 
made in Chapter 2 the) will now be described in greater detail Mucous 
membranes form linings for hollow structures that communicate sviih 
the exterior such as the respirator) and digestne oi^ans the genito- 
urinary tract (ureters bladder urethra and \agina), tlie e)elids ilie 
lacrimal sacs and canals the paranasal sinuses and the middle ear The 
surface epiiliehura of mucous membranes taries in tjpe with the struc 
lures they line We ha\e seen that it is mostl) of the ciliated columnar 
t)pem the respiratory passages But it is a modified stratified t)pe known 
as transitional, in the unnarj bladder and part of the urethra and ordi 
nar) stratified squamous in the rest of the urethra and in the \agina 
The epithelium of the digesiite canal from the mouth to the lower part 
of the esophagus is also of the stratified squamous sariety But that lining 
the stomach and intestines is simple columnar with an abundance of 
mucus secreting (goblet) cells The epitlielial cohering is bid upon tissue 
made up of Uie following strata ironiediatefy beneatli the epiihehum is 

(a) a thin structureless b)er of cotinectne ussuc called the basement 
membrane or membrana propria the basement membrane lies upon 

(b) a thicker cellular la)er of connectne tissue called the lamina propria 
and (c) a deeper stratum of connective tissue named the submucosa 
In the esophagus stomach and intestines the mucous membrane has a 
thin lajer of smooth muscle not found in other situations it lies between 
the lamina propria and the submucosa and is called the muscularis 
mucosae (Fig 242) 

The mucous membranes serve protective and lubneaung functions 
From the epithelium of the mouth the salivary glands and the dental 
enamel are developed * 


Mucous elonJs 



Fg 242 Perpend cular section 
tSrough ihe wall of the esophogus 
to show mucous membrone Only 
half or so of the muscular coat Is 


> The cp thcliuni of the mouth (escluas-c of tt at covering the tongue) ts derived 
from the ectoderm (p 667) whereas the cp ihcJ um J n ng the stomach and It 
takes ongm from the entoderm and from it the secrcung cells of the pancreas and the 
liier are developed 



General Principles Involved in Digesfhn - 327 
Serous membrane The serous membranes form linings for the closed 
cavnties of the bod), such as the peritoneal and pleural cavities and the 
pericardial sac These membranes are comjmscd of a single lajer of flat 
endothelial cells laid upon a stratum of loose connectise tissue. 


GLANDULAR EPITHELIUM 

The structure of externally secreting glands Glands are composed of 
epithelial cells arranged around a cavity called an aUeolus, or acinus, 
into tvhich die product, or secretion, of the cells is discharged The 
secretion is drained from the acinus by a fine tube called a duct, or b) 
a more or less complicated system of ducts Glands are classified accord 
ing to the character and arrangement of their alseoli and ducts The 
simplest gland, such as the mucous secreting glands in the mucosa of 
die mouth (Fig 24 3D) is a single tubule or hollow sphere lined by cells 
one la)er deep It discharges its secretion which is mainly moistening 
and lubricating in function, directly on to the mucosal surface without 
the intermediar) of a definite duct Such glands are called simple tubular 
or simple alveolar, respeciuely In some glands the tubule is branched 
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in this case lliey are called branched tubular glands 'When the ducts 
of a tubular or aheolar gland form a complicated system of many 
branches the gland is termed compound tubular or compound alveo 
lar glands respectively The latter are also called racemose glands from 
their fancied resemblance to a bunch of grapes (L raccmus a bundi of 
grapes) A gland may contain both tubules and globular alveoli it is 
then called lubuloalveolar or tuhuloacmar (Fig 24 S) 

Glandular secret ons The secretions of gland cells vary widely, both 
cliemically and functionally Some contain substances called enzymes 
which act as catalysts (p 337) , and are capable of digesting the different 
foodstuffs others secrete mucus sweat bile etc, and in lower animals 
poisons and other substances for purposes of defense In some glands the 
enzyme or other gland product is present m the form of granules ^Vhe^ 
the product is an enzyme, this mother substance is called a proenzyme 
or zymogen (enzyme former), or a ini/cinogen if the secretion is chiefly 
mucus The granules become reduced in number svhen the gland seaetes 
and if the seaetion is prolonged may almost disappear, they re-form again 
during a period of rest Glands such as (he salisary, that secrete only a 
part of their secretion m this tvay are called merocrine (Gh meros, a 
part) Other glands suclt as the mammary, form their secretion in pretty 
much the same tvay as those of the merocrine type but lose a part of 
their cytoplasm in the process they are called apocrine glands In a third 
type of gland, called holocrine (Gk. holes, whole), the cytoplasm after 
It has become loaded with its product undergoes complete disintegration 
and IS discharged into the alveolus 

The endocrine glands (Gk endo, withm + Aff)rmo, 1 separate), 
which have no ducts but secrete directly into the blood stream, are de- 
scribed in Chapter 38 



Fig 24 4 M croicopic 
appeoronce of a typi 
col gtond 1 the olve- 
olui of a resting gland 
the cells ore loaded 
w th granules from 
wh ch the essenf al or 
gone mater ol of the 
secret on is der ved 
2 on alveolus ofler a 
per od of secretory oc 
t V ty note that the 
granules ore sparse end 


ore completely locking from the boses of the cells 3 on alveolus sect oned lengthwise; 


the commencement of a fine duet fi shown ot the left o cavity of the alveolus into 


wh eh the cells d schorge their secret on 
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TYPES OF FOOD. GENERAL DESCRIPTION 

It scarcely seems necessary fo explain s^Iiat is meant by the word 
food Yet science likes to be very precise am! is not satisfied svith merely 
saying tint food is something we eat The scientific description of a fooil 
IS tint It IS a substance that furnishes the body with energy, gnes the 
bod) material for its growth, or enables the body to replace tissue that 
has been worn out Some focxJs do only one or another of these things, 
others do all three These latter are complete and perfect foods 

Though there are a great many kinds of food — bread, clieese, butter, 
eggs meat, potatoes etc — there are only three materials that go into 
tlie making of all foods no matter of what type they may be A great 
many different kinds of buildings can be made from the three materials 
wood, stone, and iron, so a great \anety of foods are built from the three 
basic materials carbohydrates, fats, and proteins (see also Ch SO) Other 
substances, such as vitamins (Ch 31) and various salts of lime, iron, 
iodine, etc , though not foods in the strictest sense, are also essential to a 
wholesome diet 

Carbohydrates There are two mam classes of carbohydrates used as 
food— the sugars and the starches Among the edible sugars are glucose, 
fnictose, and galactose, sucrose (cane sugar) , maltose (malt sugar) and 
lactose (milk sugar) Glucose. fniCTosc, and galaciose belong to the group 
of sugars knosvn as monotacchandes Their molecules are composed of 
fi atoms of carbon and 0 molecules of water (CjHjiO*) , they are there* 
fore also called hexoses (Gk hex six) The molecules of the other three 
sugars — sucrose, maltose, and laciose — consist of two hexose molecules 
joined together They are therefore called dtsaccharidcs The molcailes 
of the starches are composed of large groujis of hexose molecules They 
belong to the great cl iss of carbohydrates known as polysaccharides (Gk- 
poly, many) Potatoes, bread, cakes, and other foods made from Pour, 
rice tapioca, and cassava are composed largely of starch (Fig 21 5) All 
starchy or sugary matenals are merely dilferent types of carbohydrate 
food Carbohydrates come mainly from the segeiable kingdom" The 
plant builds them up from the carbon dioxide of the air, and water 
drawn from the ground They are therefore simply carbon and s\ater, 
hence their name (Gk carlo, charcoal (carbon) 4* hydor, water) It is 
perhaps hard to realize that such dry substances as sugar and flour con 
tain large amounts of water This is liecause the water is bound up so 
very closely with the carbon that only by the application of great heat 
can It be separated If a carbohydrate, such as sugar or flour, svere put 
into a Iiot osen and left until it had become completely charrctl to a 

■ \ small amount of 3 type of si3ich (|>l)a»geR or siiimal slatcli) , h 3t»o found in 
(he niiiKles and lixcn of animals (Cbs 27 3^ 
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Fig 24 5 The oppeoronce of 
several food motenoU beneath 
the microscope A, starch grams 
B, milk< showing droplets of 
fat, C, crystals of cane sugar, 
D, crystals of glucose 


black mass, sve ssould then ha\e separated jt into its tsvo chief con 
sitiuents The black mass is almost pure carbon, the water has been 
driven off as steam 

Fats It IS scarcely necessary to desaibe a fat It too 1$ largely carbon 
in combination ni(h hydrogen and a small proportion of oxygen There 
are animal fats, such as lard, butter, suet, cream, and fat of egg yolk 
There are also vegetable fats, such as ohve oil, cotlotweed oil, peanut 
oil, etc 

The molecule of an ordinary fat consists of one molecule of glycerol 
combined svnh three molecules of a fatty aetd, as shonn in the following 
diagram 

^faii) acid * 
glycerol — fatty acid 
^fatty acid 

The fatty acids in the common fats (or triglycerides, as they may 
also be called) are stearic, oletc, and palmitic According to the fatty acid 
with nhich the glycerol is combined, the corresponding fats are called, 
respeciisely, tristearm, triolein, and tripalmilin Animal and segetable 
fats are a mixture mainly of these three fats Tristearm predominates in 
beef fat, inolein in olne oil and other segetable fats Human fat is 
chiefly triolein and tnpalmitin 

The absence of certain fatty aads from the food causes nutritional 
* The following i5 the molecular tiiuciure of a fat (mitrann) 

ICHO— CIVH^O (««nc acid) 
glycerol I CH,0—CH,ai»0 (iiesnc add) 


CH,0— CH«H*0 (stearic add) 
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defects that are rehe\ed by adding to the diet the missing aads in \ery 
small amounts (Ch 31) 


A IIST OF SEVERAL FOODS CLASSIFIED ACCORDING TO THEIR COMPOSITION 


Cane sugar 

Maple sugar and syrup 
Corn syrup 
Cornslardi 
Honey 


Carbohydrates 


Beef fat 
Lard 
Butter 

Olive and peanut oils 
Lean meat 
Fish 

tg55 I 

Qjggjg I Contain fau and proteins 

Bnnd 

White and brown (lour Contain nrbohydrates and 
Porridge shredded wheat proteins 
Poutocs cabbage noe 


Fau 


Proteins 


Nuts 

Milk 

Beans 


Cotium carbohydrates fats and 
proteins 


Proteins It is a more difficult task, to describe clearly just what is 
meant by a protein In Chapter 2. it svas said dui protoplasm — the basis 
of all segeiable and animal life — is coni|>oscd mostly of protein sails, 
and water Afuscle or iiicit is very largely protoplasm, so then it u 
mostly protein The white of egg also is almost pure protein and water 
Anyilung living must be composed, m ]>ari at least, of protoplasm, many 
foods derived from the vegetable kingdom therefore also contain pro- 
tein material A grain of wheat, for instance, from which v\e get our 
flour, contains about 12 percent of protein The potato, though largely 
starcli also contains a certain amount of protein Other vegetable sub 
stances such as peas and beans are very ridi in protein maternls Cow s 
milk as well as containing fat sugar and water, is over 3 percent protein 
and since it contains all three of the food materials is m exceliem food 
Cheese IS the protein and the fat of milk Uread {diieny carbohydrate) 
and cheese (protein and fat) , then, should make a Tairly complete diet, 
provided the necessary vitamins and salts are present, and indeed these 
foods form the diet of many jicoplcs in different pans of the world 

Protein, like the other two food materials— carbohydrates and fats — 
contains i large proportion of carbon Protein however, also contains 
large amounts of nitrogen— an element that is absent from the other 



330 - The Physiology of DigesUon 




o ° 

f9 


Fg 24 5 The oppea once oF 
several food matenoli benea h 
the m croscope starch g a ns 
£ m Ik show ng d opiets of 
fat C crystals of cane sugor 
D crystols of glucose 


blad^ mass i e svould then ha\e separated it into its iivo chief con 
stituents The black mass is almost pure carbon the svater has been 
driven off as steam 

Fats It IS scarcely necessary to describe a fat It too is largely carbon 
m combination s\ith hydrogen and a small proportion of oxygen There 
are animal fats such as lard bitter suet cream and fat of egg yolk 
There are also segetable fats such as olwe oil roffonjeed oil peanut 
oil etc 

The molecule of an ordinary fat consists of one molecule of glycerol 
combined with three molecules of a fatty acid as shown in tire folloiMng 
diagram 

^fatty acid* 
glycerol — fatty aad 
'^fattyacid 

The fatty ands in the common fats (or triglycerides as they may 
also be called) are stearic oleic and palmitic According to the fatty acid 
svith which the glycerol is combined ibe corresponding fats are called 
respecusely tristeann triolein and tnpabnitin Animal and segetable 
fats are a mixture mainly of these three fats Tnsteann predominates in 
beef fat tnole n in olne oil and other segetable fats Human fat is 
chiefly tnolein and tnpalmitin 

The absence of certain fatty aads from the food causes nutritional 


* The follow ng IS the molecular siruciuie <>f a fat (ir s eann) 
CtIO— CH„H«0 (stearic acid) 
glycerol CH O— CH JI»0 (sicanc aad) 
CJJ D—CH H«0 (stezne zad) 
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defects that are relie\ed by adding to ilje diet the missing icids in \ery 
small amounts (Ch 31) 


A UST OF SEVERAL FOODS CLASSIFIED ACCORDING TO THEIR COMPOSITION 


Cane sug'ir 

Maple sugar and sjnip 
Corn syrup 
Cornstardi 
Honey 


Carbohydrates 


Beef fat 
Lard 
Butter 

Olive and peanut oils 
Lean meat 
Fish 
Eggs 
Clicese 
Bread 

THme and broivn flour Contain carbohydrates at d 
Pomd^t sf redded wheat protcim 
Potatoes cabbage nee 


Proteins 

Contain fats and proteins 


Nuts 

^tlll. 

Beans 


Conuin arbohydntes, fats and 
proteins 


Proteins It is a more difHcult task to describe dearly just tshat is 
meant by a protein In Chapter 2 it %\a$ said th it protoplasire-tlie basis 
of all %egetable and animal life — is coinjiosed mostly of protein salts 
and water >fuscle or meat is scry largely protoplasm so tlien it is 
mostly protein The white of egg also is almost pure protein and water 
Anything living must be composed in part at least of protoplasm, many 
foods derived from the vegetable kingdom therefore also contain pro- 
tein material A gram of vvheat for instance from which vie get our 
flour contains about 12 percent of protein The potato though largely 
stardi also contuns a certain amount of protein Other vegetable sub- 
stances such as peas and beans arc very nclt in protein materials Cow s 
milk as well as containing fat sugar and water is over 3 percent protein 
and since it contains all three of the food materials is an excellent food 
Cliecse IS the protein and the fat of milk Bread (chiefly carbohydrate) 
and diecsc (protein and fat) then should make a fairly complete diet, 
provided the necessary vitamins and salts arc present and indeed these 
foods form the diet of many peoples in different parts of the v\orId 

Protein like the other two food raaternls— carbohydrates and fats — 
contains a large proportion of carbon Protein however also contains 
large amounts of nitrogen — an element that is absent from the other 
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two We can understand how \ery important it is lliat the body should 
obtain a certain amount of protein in one way or another How else 
could we obtain the nitrogen to build up the proiem m our muscles 
brain smeivs and bone? The air is about 80 percent nitrogen but unfor 
tunately the body is unable to take nitrogen from the air and make any 
use of It Protein also contains sulfur and usually phosphorus — elements 
that are necessary for building protoplasm Carbohydrate and fat may 
serve as fuel for the body to bum and so provide energy but since these 
substances do not contain any nitrogen whatsoever they cannot build 
up the protoplasm of which our bodies are largely composed Protein of 
the food alone can build protein within the botly (See also Ch 30 ) 

An automobile engine takes in gasoline and burns it to obtain the 
energy for driving its wheels It uses oil to prevent wearing of the engine 
parts But it would be absurd to think that either the gasoline or the oil 
could replace a worn pare of the engine It is just as impossible for carbo- 
hydrate and fat to replace worn parts of the body * mudi less can they 
support body growtiu Protein alone can do these things How superior 
then as a machine is the body to the automobile' How wonderful we 
would think It could we put something into tlie gasoline tank that would 
not only help to drive the engine but would also replace the steel as it 
became old and worn Yet that is the part played by the protein in our 
food 

Protein matenal is made up of a large number of small units bound 
together into larger particles The constituent units are slightly difTerent 
from one another chough in general they are all very mudi alike As a 
dass they are called amino acids but eadi kind has been given a special 
name The simplest is glycocoll (or glycine) As vvc shall see presently 
It IS the function of the digestive juices secreted into the stomach and 
intestine to break down the large molecule of proiem into the individual 
ammo aads of which it is composed Until this has been done protein 
cannot be us«I by the botly The amino acids must pass indnidiiany into 
the blood and be carried to the cells of the body where they are com 
bined again into molecules of protein A list of some of the commoner 
artides of diet with their compositions in carbohydrate fat and protein 
IS given above 


THE GENERAL PUN OF THE DIGESTIVE SYSTEM 

Tlie digestive tract or ahmematy canal as u is also called consists 
of the mouth the pharynx the esojiliagus or gullet the stomach and 
the intestines The human alimentary canal from lips to anus is from 
30 to 32 feet long 

* Fatty ac Is m small amounts are required however for the construction a J repair 
of U c eiscnual faity envelopes and fraiaewuiLs of alls. 
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Throughout most of its length the v.ork of the alimentary canal is 
directed loward the splitting of the molecules of the food into simpler 
compounds that being absorbed into ilie blood are carried to the tissues 
Here the) are oxidized to furnish energy stored as fat or stircli (glyco- 
gen) or built into living tissue The reader should study Figures 2-1 6 
and 24 7 m order to become familiar with the different parts of the 
digestne system 

The nature of the digestive process 

Very little of our food whether carbohydrate fat or protein is 
capable m its unaltered form of nourislung the body It must first be 
digested Tins means that it 
must undergo certain cliemical 
changes The large molecules 
of proteins carbohydrates and 
fats are mucli too large to be 
absorbed into the blood 
through the mucous membrane 
of the stomach and intestine 
(see colloids Ch I) Eten 
should they pass through (hey 
would be too large for use by 
the cells of the tissues * The 
digcstiie juices must act upon 
the large molecules of the food 
and split them up into smaller 
ones that can piss through the 
intestinal svall and be earned 
to the tissue cells where they 
are disposed of 

Food lying m tlie digests e 
tract cannot truly be said to 
Inse entered the body It is 
only in a tube surrounded by 
the body Not until the food 
has been changed so that it is 
able to enter the blood and be 
used by the tissue cells can the 
body be said to have acccptetl ^ 

It The digestive tube — the ,u„pphgg„ I ver stomach, end duodenum 

Stomach and intestines^ are in reial on to the su (see of iHe body 

ns It vsere the kitchens of the 

body s household t\ here food is prepared for (he tissues 
‘Somctimrt und gcstetl protdn s cli a* rat* r|S nh passes m tcry small amounts 
inio (I e blood it is excrclnl almost ut ebanj^i i i (he i hne 
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The cliemtcal cJianges m the food that the digestive juices accom 
plish consist mainly of splitting each molecule of the disaccharides and 
stardies into their constiiuem glucose molecules of breaking up the fat 
molecules into one molecule of gljcerol and three molecules of fatty acid, 
and as mentioned above of disrupting the protein molecule into its sev 
cral arauio acids • Only in these simple forms can tJie food be absorbed 
and assimilated (Sec also Ch 27) 

Let us for a moment enter a uorld that lies bejond our senses and 
try to form in our mind s eye a picture of what our knowledge tells us 


Fig 24 7 T1>6 fl»- 
rocie end obdommal 
ereeni All but the 
upper pert of the 
smell intestine end 
the lower 3 inches or 
so where it emptes 
into the large Intes 
tine hove been omil 
ted the lower port 
of the ferge bowel 
Inelud ng the rectum 
has olio been re- 
moved 

• Some 25 diffezcDi anitno aaiSs base » far been d seove/rd The more complex 
proteins contain reatly all of ihwe diUerent Olhen such as gelatin are called 

incomplete because they bek, some of ihe unino auds that are essential for the pro- 
motion of growth or oen for sustaining We The ammo aads are linked together m 
the protein molecule in the following way 

CH, CHNH, CO— HN CH •COOH 

■Unloe Clicine 

The Size and weight of the protein moJccwIe depends upon the toul number of 
ammo adds of all types that compose it The wti^ti of some proteins are relatively 
small others have waghts over 1000 tunes greater The shapes of the molecules of 
different proteins are also variable some are globular in form others are long and 
slender and fiberlile in shape (See Appemlut for a hsi of amino aods ) 
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must be so The lining of the thgesme tract, though apparently free from 
any gaps or pores, is in reality thought to be pierced by millions upon 
millions of fine openings, liVe a sie\e, though tviili a mesh beyond the 
pov^er of any ordinary microscope to discover 

Molecules of food materials such as those of glucose or vv-ater, whicli 
are smaller in diameter than the intestinal mesli,' can pass through 
with little hindrance Larger molecules are barred Here and there tve 
may see these larger molecules in the contents of the bowel being shattered 
by the chemical processes of digestion into smaller ones, no larger than 
the mesh of the enclosing intestinal screen If we should take a sausage 
skin, made from the intestinal wall of a pig, and tied one end filled it 
with salt and vratcr, and submerged the httle sac in a glass of pure water 
(Fig 24 8), we should find that after a time the water m the glass had 
a salty taste If we had filled the sausage skin with a solution of glucose 
instead of salt, we should have found that after a time the water in the 
glass had a faintly svveet taste. Evidently, then, tlie small molecules of 
salt or of glucose passed through the sausage skin into the surrounding 
water If we were to fill the sac with white of egg, siarclj, or fat and 
repeat the experiment, we should not find white ol egg or starcli or fat 
m the surrounding water (SeealsoCh 1) 



Though a mechanical conception has been used here, m whicli 
minute pores in the intestinal membranes have been visualized, the true 
nature of the absorptive process is not clearly understood It must not be 
thought that ammo acids and other products of digestion pass through 
the intestinal wall by purely physical forces — for example, vUflvision and 
osmosis — as through a dead membrane. Absorption from the intestine 
IS llie result of living processes Tlie mucous membrane of the intestine, 
like the tubules of the kidnej, shows a selective power that is lost after 
Its death Glucose, for example, which is uithzetl by the bod), is absorbed 
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mucli ntoic reidilj llun ire oilier sugars ihat ha\e no nulntinml \alue 
but after the tissue of the intestinal t%ill has been sescrclj injured so as 
to jbolisli Its selcciitc function all sugars jiass iJiroiigh it at about the 
same rale 

The digested food is absorbed almost emirelj from ilie small mtes 
tine Neither food nur isater is absoibctl from the stomadi though 
alcohol cm enter the blood from this part of the alimentary tract U ater 
but little or no footl mucrn! is absoriicd from the large imestme. 

The chingcs that digestion protliiccs in the food arc shown diagram 
miiically m Figurcil 9 

The re ider may realire how ssomtcrful is the digestion of food if he is 
told that a chemist m order to carry out similar changes b) the ordinary 
methods of chemistry is forced to use {loucrful agents such as strong 
acids or great heat Tlie footl in the stomach and tntestines undergoes 
chemical clungcs — that is digestion — ivith the greatest ease No great 
heat IS rc<iuired and the clicmtcals iisetl bs the body in its liboraiorics — 


Storeh OisAcchoftd* CIucp** 



Fg 24 9 Oogrom to illuOrole lJ»e corwituton of iS# three foodtluffi— eorbo- 
hydrotei proteins and fats 
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stomach and intestines — are comparatively mild Yet e\en pieces of bone, 
if not too large, are digested in a dogsstomach 

Wlien ^^e eat a meal of roast beef, potatoes, bread and butter, and 
a glass of milk, tve give little thought to the miracles that the laboratories 
of the stomach and the rest of the alimentary tract perform ^V e impose a 
tash upon the digestive glands ami their secretions that one skilled in the 
vva)s of chemistry and furnished with the facilities of a modern labora 
tory could not perform so quickly or so well, if at all 

How food IS prepared for absorption into the blood, enzymes 

Wiat then enables the body to do things that the chemist can do 
only very clumsd)? The answer is that the cells of the digestive glands 
elaborate substances called enzymes, which act, each in us owrn way, upon 
the various foods The glands also form water in which the enzymes and 
v'anous mineral salts are dissolved When a gland forms a juice and 
discharges it into the mouth, stomach, or intestine, it is said to secrete 
Secretion is a very complex process, and is far from being fully under 
stood The cells of whidi a gland is composed select from the blood, 
which flows through its hne vessels, the materials required for the manu 
faciure of the several constituents of its juice The enzymes, or the mother 
substances from which these active principles of the juice are finally 
produced, often may be seen microscopically m the cells of a resting 
gland as fine droplets or granides (Figs 24 4 and 25 S) In this form the 
enzyme material is stored until required. 

Enzymes, or ferments, as they are sometimes called, are responsible 
for the chemical changes in the food that take ]>lacc during digestion 
The various digestive juices — salivary, gastric, and pancreatic secretions — 
contain different kinds of enzymes each of which acts upon a particular 
type of food — carbohydrate fat or protein The nature of enzyanes and 
their actions have been problems of longstanding 

Enzymes are responsible for many diemical reactions other than 
those of digestion The work of the great Pasteur showed lint several 
hitherto uncxplainetl chemical processes were in truth due to their ac 
tions The contenton <?/ stigiraitd narer into alcofto) and carbon dio\ide 
— alcoholic fermentation — is brought about by enzymes formed by the 
cells of yeast An en/yme, also formed by living organisms, converts 
alcohol to acetic acid The formation of lactic acid in the souring of milk 
IS produced by a germ — the laaic acid bacillus Microorganisms are also 
used m industry to produce, through enzyme action, clieimcals that can 
not be made in any other way 

These examples show that enzymes are not peculiar to the digestive 
systems of animals but belong to a cliss of substances known widely 
thioughoui nature Like the cell of the yeast plant, certain cells of the 
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animal body have learned the ind. of manufactunng them Such enz>Tne- 
produang cells constitute the tissue of the digestne glands mentioned 
abo>e In their general nature the enzj-mes of the animal bodj are esscn 
iiallj the same as the )east or lactic acid ferments It is only m detail — 
m the particular cliemical changes that they accomplish — that the diges- 
me enzjmes are different from these. 

hfany theories base been adtanced in attempts to explain enz)-mc 
action \o theory is entirely satisfactory yet seseral facts ha\e been dis 
cosered ^\e hnosv many ibin^ about the uay an enzyme acts but not 
a great deal of the underlying causes of its action Some of the cliarac 
teristic features of this action may be described Just as a leser can mo\e 
an object many times Us own weight so an enryme can act upon and 
produce chemical changes in a mass of substance many many times its 
own size and weight A little Jeasen Jeaveneih the whole lump Another 
peculiarity of an enzyme is that it docs not form part of the final product 
of the chemical reaction It can berecosered Mrtually unchanged after the 
chemical process for which u is responsible has come to an end A diges 
Use enzyme can act upon a food substance only when water and a certain 
amount of aad or alkali is present. Other enzymes require the presence 
of certain minerals — calcium magnesium potassium etc. Such accessory 
substances are called coenzymes Tlie material upon whicli an enzyme 
acts — sugar fat protein etc*-'is called its substrate 

During digestion the enzymes in some way bring together the moI^ 
rules of svaier and the molecules of ihe foodstuff The molecules of the 
food then break up into smaller ones This process m which a substance 
takes up Walter and then splits into simpler compounds is called hydrolysis 
If the reader has studied chemistry he wifi recall that certain 
inorganic substances in \ery small amounts act to speed up chemical 
reactions that without such action would proceed very slowly and some 
times almost imperceptibly Substances of this nature are called calalysls 
Tiius if a solution of cane sugar is left undisturbed for a long time a 
certain small amount of the disacchande will be found to ha\e become 
conterted into glucose (Ch 50) If howeser a Iitilc hydrochloric acid 
IS added to the solution sphuing of the cane sugar molecules proceeds 
much more rapitffy Only a smaff amount of i/ic catalyst (hydroefifone 
acid in this case) is required and it remains itself unchanged by the 
reaction Enzymes since they act m lery much the same way might be 
called organic catalysts — that is caiaUsts formed by Ining organisms. 

The aaion of an enzyme is speetled up when the tempenture i$ 
raised and is slowed down when the temperature is lowered Enzymes arc 
destroyed by %ery high tempcraiures The digeslise enzymes as might be 
expected do their wxirk best at the temperature of the body Each enzyme 
IS a specialist In us owm particular field it does its work well but u is 
unable to take on any other duty Its action that is to say is highly 
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specific For instance, if it can digest starch, it is unable to digest protem 
or fat, if It can cause chemical clianges in protein, it is worthless for 
splitting the molecule of fat or sugar, and so on This cliaractenstic 
makes one think of eadi enryme as a key that will fit but one lock — a 
particular ijpe of molecule 

Though the old names for certain of the digests e enz)'mes are still 
often used, sudi as plyalin for the enzyme of the saht'a, pcpsm for the 
chief enzyme of the gastric juice, and trypsin for the enzyme of the pan 
creatic juice that acts upon protein, it has become more customary to 
com a name for a particular enzyme by adding the suITix “ase to the 
name of the substrate upon which the enzyme exerts its specific action 
Thus ptyalin acts upon stardi — salivary amylase (L mny him, starch) is 
therefore anotlier name for this enzyme, an enzyme dial acts upon pro- 
tein is called a protease — so t\e hive a gastric (pepsin) and a pancreatic 
(trypsin) protease, an enzyme that splits fat is called a lipase On the 
other hand some enzymes are given names that indicate their type of 
action instead of their substrates One, for example, that hastens oxida 
tion may be called an oxidase 
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Preparation of Food 
in the Mouth; Its Passage 
into the Stomach 


ANATOMICAL OUTIINS «OM MOUTH TO STOMACH 
The cavity of the mouth (eavum eris ere) or boccal cavity) 

The oral catitj the first part of the (hgesiite tract com 
mences at the Jips and is continued behind into the pJiarynv through an 
opening csJJed tJie isthmus of the fauces or the orophar^ngea] isthmus 
The lateral boundaries ot this opening are isvo fleshy columns on each side 
called the anterior and posterior pillars of the fauces The anterior jnllar 
is also knos\n as Uie palatoglossal arch and the posterior as the palatO' 
pharyngeal arch The part of the mouth cavity lying between the lips 
and the gums and teeth is known as the vestibule, and that part behind 
the teeth as the mouth casity proper The gums (gingiune) consist of 
fibrous tissue attached to the periosteum of the aheolar processes of the 
jasN bones and cos cred by mucous membrane (Fig 25 1} 

The mouth cavity proper is bounded laterally by the cheeks (orm&l 
by the buccinator muscles its roof is the palate nhich separates it from 
the nose and upper part of the pharynx the greater part of its Jloor is 
formed by the tongue The mucous membrane lining the mouth is cos 
ered by stratified squamous epithelium 

The palate consists of an anlenor liard or bony part and i posterior 
part of soft tissue (Fig 251) Tlie hard palate, s\hich is the anterior 
three fifths or so of the palate is fortnerl of the palatine processes of the 
maxillae and the horizontal plates of the palatine bones A strong mem 
bnne called the palatine aponeurosis is aitacfied to the posterior border 
340 
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F g 25 1 The Inter or 
of the mouth the 
smaller f gure on the 
left shows the under 
surface of the tongue 
wh eh has been turned 
upwards 



and under surface of the hant palate it gnes aiuchnieni to the palatine 
muscles The soft pahtc is a mo\able fohl com]>n$ed of fibrous tissue 
and muscle cotered b) mucous membrane it is attached to and hangs 
from the posterior border of the hard palate It separates the up] cr part 
of the pharyn\ (nasopinrynx) from tlie mouth and uhen raised from 
the lower or oral part of the pharynx Hanging from the middle of its 
lower border is a nipplelikc projection callcti tlie usula 

File musries are insvrtat wio or arm from fhe sok ;»Jafe — ihc 
levator j nlati tensor patati inusatlus mulne palatoglossus and /flfa/o 
pliaryngcus The levator and tensor palatt take origin rcspectivcl) from 
the temporal and sphenoitl bones at the base of the skull The former 
muscle ruses the soft palate the latter one tiglitens it The musculus 
uvailae arises from the palatine bones and is inserted into the mucous 
membrane of the uvula The palatoglossus arises from the palatine apo 
neurosis and is inserted into the side of the tongue The palatopharyn 
geus arises from the hard |>alate and the palatine aponeurosis and *is 
inserted into the posterior border of the lamina of the thyroid cartilage 
and into tlie fibrous tissue on the lateral wall of the jiinrynx The palato- 
glossus muscles form the anterior pillars of the fauces or the palatoglossal 
arch the palatopharyngeiis muscles form the ]>osterior pillars of ilic 
fauces or the jnlatopharjngeal arch The triangular interval between 
the jnllars on each side is occupied by the tonsil (sec Fig 2a 10) hen 
the muscles contract the pillars of the fauces ire approximated ami the 
oropharyngeal isthmus narrowed the palatoglossus also dravrt the root 
of the tongue ujmards the ixitatopharyiigcus draws the walls of the 
pharynx upwards 
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The longue (Itngita) is a fno%abIe organ that performs the impor 
tint functions concerned with taste mastication stvallowmg and speech 
It IS composetl of muscle and cotcred bj mucous membrane the surface 
epithelium 4s of the stratified squamous tjpe Its upper surface shous 
man) eletations called papillae (Ch 32) The tongue is attached to the 
mandible ind the h)oid bone these attachments constitute its root The 
fold of mucous membrane running fonvaril in the mid line from the 
under surface of the tongue to the floor of the mouth is called the 
frenulum on each side of the latter a vein — the deep lingual — can be 
seen shining through the mucous membrane The posterior part of the 
tongue projects backviards into the isthmus of the fauces 

The muscles of the tongue are both intrinsic and extrinsic (see Fig 
5 27) The intrinsic muscles compose the substance of Uie organ and 
consist of bundles of striated muscle fibers that run both longitudinally 
and transverselj and at the free anterior border vertically These bun 
dies have been given different names which need not be mentioned here. 
The extrinsic muscles pass between the longue and the hyoid bone the 
mandible and the styloid processes of the temporal bone and are called 
respectively the hyoglos.sus genioglossus and styloglossus The hyoglos 
sus depresses the longue the genioglossus draws it forward and protrudes 
It between the lips the styloglossus pulls the tongue upwards and back 
wrards 

The salivary glands number three on each side and are named the 
parotid submandibular and sublingual respectively (Fig 25 2) 

The parotid is the largest of the three salivary glands It is situated 
below the opening of the ear (external auditory meatus) and extends 
forward over the masseter muscle It discliarges its secretion into the 



bular gland 


Fg 25 2 The Jol vary glon* 
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moinh through the parotid duct ivliich pierces the buccinator muscle 
and opens on the oral surface of the check opposite the second upper 
molar tooth 

The submandibular gland lies below the mandible behind the ante- 
rior belly of the diagastnc muscle Its secretion is deluered into the 
mouth by the submandibular duct whose onfice opens beside the frenu 
lum of the longue 

The sublingual gland lies below the mucous membrane cosenng 
the floor of the mouth and against the inner surface of the mandible 
near the symph)sis It is the smallest of the salnary glands Its secretion 
escapes through a number of fine ducts — 8 to 20 — that open on each side 
at the summit of a fold of mucous membrane running transsersely in 
the floor of the mouth 

The structure of the saltvary glands The cells of the salirary glands 
are of ti\o types, serous and mucous The secretion of the former type 
IS thin and watery, that of the latter t)pe contains mjicin,* and is there 
fore thicker, and more slimy and viscous The parotid gland is composed 
entirely of serous cells whereas the cells of the sublingual gland are prc 
dominantly of the mucous type, serous cells being scarce The submandib- 
ular gland contains both serous and mucous cells in about equal pro 
portions, the two tjpes being seen in many instances m the ssall of the 
same alveolus The serous cells ire then found on the outer side of the 
mucous cells svhidi therefore abut upon the alveolar cavitj The 
serous cells form crescentic bodies known as the demilunes of Gianuizi 
situated on the outer aspect of the mucous cells (Fig 25 5) 

Nerve supply The secretory fibers of the salivary glands are dernetl 
from the autonomic nenous system The secretion of the glands is 
brought about reflexly through centers in the brain stem The parotid 
gland receives parasympathetic fibers from the superior salivary center, 
or nucleus, vvhiclx leave the brain m the glossoplnryaigeal nerve The 
submandibular and sublingual glands are supplied with parasvmpathetic 
fibers from the inferior saliimry nucleus which pass to the gland in the 
chorda tyanpani nerve a branch of the facial nerve All three glands also 
receive sympathetic fibers 

The compos fion of solivo The mixctl saliva as collected from the 
mouth vaines m its water content accortbng to the proportions of the 
different secretions but is usually over 99 percent vvater Of the solid 
material the most important are mucin and the enryme plyahtt It also 
contains a number of substances found in other botlj fluids such as the 
salts of sodium potassium, calcium and magnesunn, as vvell as a variety 
of ewetory products including urea and unc acid An antibacterial 

vMuan is a torapound cf protein with a carbohvdraie ami known elicmicall) as a 
glycoprotein It foms a sticky sliray substance in atjurous solution as secreted by the 
salhary and other glands Su^ a secretion Is called mucus or a mucotu secretion 
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substance loioun as lysozyme w an important constituent Sah\a is >er 7 
faintly acid ha\ing a pH of about 6 8 

Theseeretonofsafva Thesecretion of saliva is normally broughtabout 
cfirough re/Jev acitan The reflex waj be one of tuo types Tor instance 
saliva IS secreted when food or other material enters the mouth and i$ 
tasted The material may be pleasant to the taste or disagreeable saliva 
15 secreted in cither case Even matenals vvilh little or no taste may cause 
secretion Imtaiion or injury to the lining membrane of the mouth may 
also cause a Hon of juice The dnilmg of a tooth bj the dentist often 
causes profuse saliv-ation This type of reflex which results from direct 
stimulation of the organs of taste or of the mucous membrane of the 
mouth IS called an wncondi/ioned, or tnborn, rc/7cx, and is the response 
to an unconditioned stimulus The uncxinditiQned reflex is the same m 
nature as the ordmaiy reflexes with which we are all familiar and that 
are described in Chapter 34 the nerves of taste or other nerves in the 
moutli are stimulated and the reflex brought about through the salivary 
centers and the secretory nerves supplying the glands But in other 
instances a secretion of saliva occurs though no food or other matenal 
enters the mouth and no stimulus whatever has been applied directly 
to the lining of the mouth For instance, the smell the sight, the men 
tion or even the iliought of food may, as vve all know, make the mouth 
water, especially when one is hungry This type, which depends upon 
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any one of the other senses — sight smell hearing etc — as s\ell as ujion 
previous taste sensations is called a conditioned, acquired or learned, 
reflex 

Conditioned reflexes At the beginning of this century the Russian 
physiologist Ivan Pa\lov carried out some interesting e\j>erinients upon 
dogs (Fig 25 4) from svhiclv we have learned a great deal about the 
conditioned reflex Patlov performed his experiments in the following 
fashion A dog was fed witli appetizing food and at the same time a 
bright white or colored light was flashed within the animals view The 
light was shown for several days each time the animal was fed After a 



that the sol va as it Is secreted may be collected ond measured The an mat ii 
seporoted from the exper menfer by a portion in order ihol exironeous lyp^s of 
St mulot on (e g movemenis or sounds mode by the expe imenter) sholl not oroute 
the onlmol s Interest ond thereby Interfere w ih the eond I on ng process (After 
Pavlov lectures on Cond f onol Reflexes fntemot onal Pub/ shers N Y ) Belovr 
d ogrom to illusirote the theory of the mechon sm underlying cond t oned reflexes 
1 taste buds 2 sol vory centeri 3 sol vory gland 4 occlp tol (visuol) cortex S 
uncond t oned st mulus C S cond t oned st mulos In A the on mol Is fed ond o 
stimulus thus oppl ed to the taste buds In 6 o cond honed v suol st mulus (e g 
a flash of I ghi) s oppl ed at the tome t me os the unconcTt oned st mulus o path 
way from the oce p tol cortex to the solivory center s thus estobluhed In C the 
cond t oned st mulus is oppl ed clone impubes poss from the v suol cortex to the 
sol vory center ond evoke so! vary secreton The center for taste ond Its eonnee 
tions w th the visuol and sol vary centers ore not shown 
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certain number of such trials or lessons as they might be called the 
light was shown but the animal was not fed Nesertheless a profuse secre 
tion of sahva occurred The same remarkable result was obtained when 
instead of a light being shown at the time of feeding a note was sounded 
upon a horn or a bell rung or the skin stimulated by a xsxak electric 
shock After the preliminary period of training the sound of the horn or 
the bell or the sensation of the electric shock was sufficient alone to cause 
secretion Conditioned reflexes and Pavlovs experiments ^re discussed at 
greater length in Chapter 37 

The results described in the above experiments arc actually not 
greatly different from the conditioned reflex that causes the mouth to 
water uhen we oursehes see or smell appetizing food We too though 
we do not remember it have been trained to associate in our minds the 
sight or smell of an article of food its color shape etc with its taste 
Having formed this association the smell or sight of the food alone is 
enough to cause secretion Had we been blind and but recently regained 
our sight or had we just acquired the sense of smell the sight or smell 
of the most tempting monels would not make die mouth water 

The dgeston of starch by solivq The ptjalin (Ch 24) of the saliva 
converts cooked starch into malt sugar or maltose It has no action upon 
fats or proteins It therefore belongs to the class of eorjines called amyl 
ases (Ch 24) Most starch) foods before they can be attacked by die 
saliva or the other digestive juices of man must be cooked The potato 
for instance is made up of cells having an envelope of cellulose and this 
material is indigestible So long as the cellulose envelope remains un 
broken the enzymes cannot reach the starch in the interior of the cell 
Raw potatoes apples wheat kernels oats etc for this reason possess 
little nuintne value for man Yet as ue know raw vegetable food is 
the sole source of nourishment for herbivorous animals These species 
possess means for the digestion of cellulose Man on the other hand 
must rely upon heat to rupture the cellulose envelope before he can 
assimilate foods composed mainly of starch Steaming boiling roasting 
etc burst the cellulose envelopes of the cells and allow the 607)106$ to 
come into contact w ilh the starch wiihin 

Tlie digestion ol starch by pt)alin is carried out m a senes of steps 
that can be detected by suitable chemical means If a little boded starch 
and water is mixed with saliva in a test tube and the mixture kept warm 
after a short time the starch will be found to have become more freel) 
soluble It then is called soluble starch This like the unclianged starch 
gives a blue color when a drop of iodine is added to it Later the soluble 
starch is converted into dexlrtns which are polysaccharides possessing a 
smaller number of glucose molecules than the onginal starch The dex 
tnns are of two kinds The one formed first gives a brownish red color 
with iodine. It IS therefore called eryt/irodexlnn (Gk. eryt/iros red) The 
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second gi\es no color with lodme This colorless dextrin is called achroo 
dextrin (Ck a not + chrdma, color) Later the dextrin turns to mil- 
tose, a sugar belonging to the class of disflcc/iandcs (Ch 24) Theinj-alin 
has little or no potser to carr) the digestion of starch be)ond the maltose 
stage The steps in the digestion of starch by ptyalin are shown m the 
following table 

Boiled siirch blue color %Mth iodine 

I 

Soluble stirch blue color with lotlme 

1 

Eryihrodextrm red color with iodine 

1 

Acliroodcxmn no color witli iodine 

1 

Maltose 

Since the food is but a very short time in the mouth before it is 
swallowed the cnzjTne of the salisa has little or no action upon it there 
If however, the food has been well chewed and thoroughly moistened 
with saliva conversion of a large part of the starch into maltose may 
ocair while the food lies in the stomach But even so maltose cannot be 
absorbed into the blood Its molecule must lint be split into its tw*o 
glucose constituents before the digestion of starcli can be said to be com 
plete The maltose as well as any starch that has not been converted to 
maltose must remain to be digested by the digestive juices of the mtes 
tine (Ch 27) 

Other functions of the solivo The digestive action of the sahva though 
described first, is probably of much less value than some of its other 
functions Of greater importance is its use for moistening the food, ren 
dering it plastic, and so enabling it to be easily swallowed The saliva 
permits perfectly dry food to be eaten Wc all know that even though 
our salivary glands secrete freelj, it is not alwa)s easy to swallow a dry 
biscuit and sometimes it is necessary to drink water or oilier fluid in 
order to aid the passage of other dry food into the pharynx and esoph 
agus IViihout saliva or some fluid to take its place it would be itnpos 
sible to swallow food that is perfectl) dty A man in the course of a day 
secretes a surprising amount of saliva Something like a pint and a half 
of fluid IS poured into the mouth by the salivary glands in this time A 
cow eating dry fodder secretes 2 to 3 quarts in 21 hours 

Saliva also helps to keep the mouth clean and fresh Food particles 
that oihenvise would lodge upon the teeth gums and tongue arc being 
constantly flushed away by the salivat which is kept in motion by the 
actions of the tongue, lips and dteeks In keeping the soft parts of the 
mouth moist and pliable the salm plays a very important role in the 
mechanisms of speech It is almost impossible to speak plainly if the mouth 
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IS dr> Man) public speakers must sip vnter occasiomll) during a speech 
or lecture bccniise sometimes esaporation of moisture from the mouth 
IS so great that the saln-a alone is tnstifTicient to keep the parts soft and 
freel) mo\-able In cermn fesers notabi) t)phoul the salisar) secretion 
IS suppressed a>ith the result that the mouth becomes ^e^) dr) and the 
longue and lips become hard and cracketl Foo<l tends to collect upon 
tlie longue and teeth and in the folds and cresiccs of the mouth The 
mouth uould soon become ^cry foul unless measures uere taken to pre- 
sent Jt To osercome this tinh}g)enic state the nurse cleans the intenor 
of the mouth frequcntlv ssiih a suab of gaure soaked in a mild antiseptic 
solution such as boric acid RrMOg of the mouth arouses the sensation 
of thirst so that ansthmg that tends to retluce or suppress the sccreijon 
of salu'a uill make one thirsty Aad tasting materials such as lemons 
oranges and grapefnut stimulate the secretion Fruits anti fruit flasored 
drinks owe their refreshing and thirsi-qucnrhing qualities largely to this 
fact The action of the salu'a in dissohing \arious substances is also 
almost essential to the sense of taste Sugar salt and many other sub 
stances must be in solution before thc) can be tasted 

hfany substances are excreted from the blood into thc salna among 
these are certain drugs such as mercury iodides andlead Tliegcrmsof 
scseral diseases such as rabies (h)dmphobia) infantile paraljsis and 
mumps also pass from the blood into thc $ali\a Infantile panil)sis has 
been reproduceil in monke>s b) injecting them uitJi the sahia of an 
infecictl person It is apparent then that diseases may be easllv tram 
muted from one person to another through particles of salim clinging 
to cattng anti tlrtn\wg inensth by hssjng horn dnciJ sabs:} thii has 
been expectorated and blown about as dust or even hv talking to a 
person infected vsuh mflucnra or other diseases During the act of speak 
mg saliva in the form of fine invisible particles is cast from the mouth 
fora distance of several inches 

The pharynx 

The pharynx is that part of die ahmenfir) canal Ijing anteriorh m 
relation to the nasal cavities mouth and larynx with all three of which 
It communicates It is continuous with the esophagus belovs and is sepa 
rated IjcJimd from the cervical scricbrae only by fasciae and muscles 
(Figs 2a 1 and 5 28) 

The part of the phatynx above the soft palate is called the nasal 
part or the nxsophaiynx Thc auditory lube through which a commu 
luniion IS established with the middle ear opens into tins portion The 
remaining part of the phaiynx is dividcti into an upj>cr oral portion 
trchind thc mouth and a lanngcat portion behind and commumraung 
with the lar)nx. Thc lateral walU of the oral pari of the pharynx are 
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formed by the palatopharyngeus muscles and constitute the posterior 
pillars of the fauces In the triangular inter\3l on each side between the 
antenor and posterior pillars of the fauces the tonsil, a prominent mass 
of Ijmphoid tissue is situated The pliarjngeal walls are composed of 
three coats — ^mucous Bbrous and muscular, from within outwards The 
nasal part of the pharynx being part of the respiratory passages is lined 
by mucous membrane whose surface epithelium is of the ciliated col 
umnar sariety In the rest of the pharynx the epithelium is stratified 
squamous in type The fibrous coat is thick above where it is attached 
to the basilar part of the ocapinl bone but becomes thin below where 
It IS represented mainly by the posterior median raphe — a narrow cen 
tral vertically running band — ^which gives attachment to the constrictor 
muscles of the pharymx The muscles of the outer coat of the pharynx 
are the three constrictor muscles — superior, middle, and inferior — and 
the stylopharyngeus salpint’opharyngeus, and palatopharyngeus 

The superior constrictor of the pharynx tales origin from the medial 
pterygoid plate of the sphenoid bone at the base of the skull and from 
the inner surface of the mandible (Fig 5 28) The fibers sweep back 
wards and are inserted m senes with the other two constnetors into the 
posterior median raphe mentioned above. 

The middle constrictor of the pharynx arises from the greater horn 
of the hyoid bone and the stylohyoid ligament The fibers fan out as 
they pass backwards around die pharynx and are inserted into the pos 
tenor median raphe 

The inferior constrictor of the pharynx arises from the side of the 
cricoid cartilage and from the lamina of the thyroid cartilage 

The stylopharyngeus and tlie salpingophatyngcus are slender mus 
cles that anse respectively, from the styloid process of the temporal bone 
and the lower part of the cartilage of the auditory (pharyngotympanic 
or Eustachian) tube and are inserted into the side of the pharynx the 
stylopharyngeus has an additional insertion into the posterior border of 
the lamina of the thyroid cartilage The palatopharyngeus muscle has 
been desenbed with the muscles of the soft palate 

The coordinatetl actions of the pharyngeal muscles constitute the 
act of swallowing and will be described under that heading 

The esophagus, or gullet 

The esophagus is a muscular tube about 21 cm long cotiitniious 
above with tlie pharynx anti oyiening below into the siomacli It dcscentU 
through the lower part of the neck beliind the trachea passes through 
the posterior part of the mediastinum and enters the abdominal cavity 
througli an opening m the diaphragm (esophageal hiatus) After an 
abdominal course of about incli it opens into the stomach through 
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the cardiac orifice The esophageal muscle consists of an outer lajcr of 
longitudinal fibers and an inner one of circular fibers The mucous mcm 
brane of the esophagus is co\eretl stratified squamous epithelium 
except near the los\er end of the tube uhcrc it is similar to that in tlic 
adjacent pan of the stomach the mucosa here contains tubular glands 
that secrete an alkaline fluid In man the upper fifth to third of the 
esophagus is composed of striated muscle, the remainder of smooth 
muscle Just above uhere the esophagus enters the stomach, the cirailar 
layer of muscle is thickened to form the cardiac sphincter* which is 
capable of strong contraction and sometimes enters into spasm this 
abnormal state is called cardiospasm 

PREPARATION OF FOOD IN THE MOUTH 


The leeth 

Teeth are of different sizes and shapes but in anj tooth three parts, 
common to all maj be distinguished (Fig 25 5) — namcl) the crowai, 
visible above the gum ilie neck, covered bj gum and extending a little 
bc>ond the bone of the jau and the root or roots held in the socket 
of the bone (the maxilla or mandible) 

If 3 tooth St sectioned it is 
found to be composed of an outer 
lajer of very hard white material 
— the enamel This layer covers 
only the crowai Ileneaih the en 
amcl of the crown and covering 
the neck and root is a less dense 
materia) resembling very hard 
bone and called the dentine TIic 
center or core of the tooth is tun 
n-’lcd to hold delicate nerve fda 
meats and blood vessels which 
together arc called the pulp Be 
iwcen the dentine of the root and 
the bone of the jaw is a thin lajcr 
of motlified bone called the ct> 
mentum Fine parallel tubules 
run outward from the pulp 
ity through the dentine to ciul 
just beneath tlie enamel or the cementum The teeth develop withm the 
bony substance of the jaws Their enamel covenng is derived from the 

a \ sphincter is a band of circular muKle fibers surrounding one end or some part 
of a lube or other holloa structure sihlch can when it contracts narniw or completely 
close ihe opening of the hoUow or^n 
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epiiheliura of the oral mucous membrane, and is, therefore, of ectodermal 
origin The rest of the tooth is derned from mesoderm As the leeili 
grow they gradually force their ^vay into position 

Man receives two sets of teeth The first set, called the temporary, 
milk, or deciduous, teeth, does not appear as a rule until after birth On 
very rare occasions one or more teeth are already oit when a baby is 
bom It was formerly a common superstition that the child so born 
would grow up ill natured The first tooth to cut the gum is usuall) a 
lov%er incisor, which does so between the sixth and the ninth month 
The permanent teeili are present within the jaw, though not full) 
formed, some years before the milk teeth fall out Xrays show them 
l)ing all m a row be)ond the roots of the temporary teeth (Fig 25 6) 
As the permanent teeth grow, they press upon file roots of the milk teeth 
and cause them to become smaller and smaller That is the reason why 
a milk tooth comes out so easily at the proper time The first permanent 
tooth, usually a molar, appears about the sixth or seventh year The milk 
teeth number twenty, the permanent teeth thirty two 


Fg 25 6 Jawbones of a six year* 
old child with bone removed to 
show permanent teeth (dork shod 
ing) and roots of deciduous, or 
milk, teelh (no shading) 



There are four kinds of permanent teeth — incisors, canines, bicus* 
pids (or prcmolars), and molars (Figs 23 7, 25 8) The first two types 
he in the front of tlie jaws and arc useil for cutting and tearing the food 
The bicuspids and molars, on either side of the moutli, sene to grind 
and crush the food into very fine fragments 

In the following table are given the approximate ages for the erup- 
tion of the deciduous and the permanent teeth 
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Deaduoiu Te^tli 

Loiter cenm) wcisors 
Upper mcisors 

Lateral incisors and first mohrs 

Canines 

Second molars 

Permanenl Teeth 

First molars 
Central incisors 
Lateral incisors 
First premolars 
Second premolars 
Canines 
Second molars 
Third molars 


6 to months 
8 to 10 mnnihs 
I'i to 21 months 
10 to 2ft months 
2ft to 21 montlis 


6 )ear8 

7 )cars 

8 years 

9 jnrs 
10 yein 

11 to 12 years 

12 to tS years 
17 to 25 yean 


Decoy of the teeth, or dentol cones The teeth aluays decay from ^sith 
out imvard Once the protectne enamel is broken the less resistant den 
line falls an easy prey to the bactena of decay Microorganisms trascl 
along the fine tubules of the dentine 
and breaking down the comparatively 
soft material form a cavity, vvhich 
sooner or later involves the pulp vsith 
jts very sensitive nerves Toothache is 
the result Chcinicnlly the dentine re* 
scmbles bone being composetl hrgely 
of the mtnerois calcium (hme) a«tJ 
phosphonis Calcium is very tjuicUy 
attacked and dissohed by ncids Acid 
ity of tilt mouth For this reason is 
looked upon as an imjioriant cause 
of tooth decay Carbohydrate fo<«l 
(starches an«I sugars) lying in tliecrcviccs between the teeth and betwetn 
the teeth anil the gum furnishes food for germs which through i fer 
menntionlike nction produce acid sufistinces The acul then ni icks 
the enimel and liter the dentine of the teeth Jt is scaretJj necessary 
therefore to point out how important it is to brush the teeth thoroughl) 
night and morning 

Though the dentist may tell us we ourselves nrcly know when the 
protective enamel has been broken and the underlying dentine cvjiosctl 
to the microorgnnisins of deety Usually it is only after decay has ex 
tended into the sensitive dentine or pulp that v\c are nivare that the 
tooth IS disensed Conditions in the mouth probably have been given m 
exaggerated importance as factors in tooth decay Tlioiigli bmslung the 
teeth regularly is essential for hygienic reasons it alone uij} not prevent 
dental canes One person may liave good teeth though he gt'« them 



Fig 25 7 The dec duous (m III or (em 
porary) leeih of the r ghi t de 
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htile are in ihjs regard ivhereis another, though he deans th«n regu 
larljr, suffers from carious tee h It is likely that diet and general health 
pla> primary roles in the breakdown of tooth structure An adequate 
suppl) of minerals — calcium phosphorus and fluorine — indofsitamins 
— especially D and C — as svell as not too great a proportion of arbo 
hydrate food appears to he condume to dental health 

Salts of fluorine, an element be 
longing to the same class as iodine, 
have been found to be proiccti\e 
against tooth decay especially in chil 
dren In localities where compounds 
of fluorine are present m dnnking 
s\ater in a concentration of one part 
in a million or more dental canes is 
much less common than m other dis 
tncts where the fluoride concentration 
of the water is unusually low In 
some communities fluoride is added 
ariilicially to the municipal water sup 
ply tn a concentration of one part or 
less in a million Tins measure has 
prosed successful as a presentise Ex 
cessive concentrations of fluoride are, 
hosseser, injurious to the teeth, aus 
mg mottling of the enamel 

Tooth decay rs noc a modem disease Esitferice of rc maj 6c /band tn 
Egyptian mummies but it is only svithm coroparaiisel) recent years that 
the serious consequences that follow in the tram of dccayetl teeth hase 
been realized Indigestion bloml jioisonmg infections of the heart salses, 
arthritis, and kidney disease are some of the evils that may lesuJt 

Mastication 

III order that the tasks of the digestive glands may be accomplished 
with the least effort, the foot! must be thoroughly broken uji into small 
fragments by the teeth For instance, if we were to take a small lump of 
meat and drop it into a glass tube filled with pepsin and hydrochloric 
acid and leave it for an hour or two wc should find that only the surface 
of the meat had been digestetl into proteoses and peptones On the otiicr 
hand, if vse should divide the same quantity of meat into fine pieces 
and repeal the experiment it would be found that nearly tlie whole of 
the meat had undergone digestion by the pepsin The incisors of the 
upper and lower jaws seize, tear, and cut the food The molars grind 
md crush it The jaws are brought together with tremendous force by jkiw 
erful muscles attached to the skull bones above and to the jaw below The 
force exerted by the human jaws was esumaied 500 years ago by an Italian 



Fig 25 8 Ths permonent ttetS of the 
upper |ow (maxillo) 
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Fig 25 9 Areas of rod ated pain 
Isi p e-nalar In toolhoche 

ph)siologisi and found lo be equal toapressureotovera hundred pounds 
The jauj also per/onn i side to side moiemcnt by whidi the food is 
ground as ucll as cruslted As grist is passed into i null the muscles 
of the tongue lips and checks coniinuaJJ)' force ihe larger fragments of 
the food between the jaus for division into smaller 'iiul smaller pieces. 
All the while saliva is pouring into the mouth to sotk the food and turn 
It finally into a smooth pasty miss which can be molded into a sinpe 
suitable for swallowing Dirds of course possess no teeth Defenseless 
aeatures on the whole they must snatch as much food as possible in a 
short time This they store m their crojw and 11) from danger Ne^cnIl^ 
less they possess that whidi mammals have not — a gunrd This has 
strong muscular vvalls that by the aid of swallowed pebbles grind and crush 
the food mudi as the food of higher animals is masticated b) the teeth 
The muscles of mastication and their actions are described m 
Chapter 5 




DEGLUTITION THE ACT OF SWALLOWING 

In the first movement of swallowing the mass of masticated food is 
brought on to the upper surface of the tongue by the actions of the lips, 
checks and the tongue itself the food is then pressed against the palate 
and carried by the tongue to the posterior part of the mouth The hyoid 
bone IS immediately raised and carried forward by muscles attnclicd to 
It — geniohyoid mylohyoid dignsin^ and stylohyoid — and fixed in this 
position The i>osterior part of the tongue is then suddenly elevated and 
drawn backv^ards by the contraction of the stylohyoid muscles an I the 
food projected through the isthmus of the fauces The sv^allowing act up 
lo this i>oint IS called the first stage and is entirely voluntary Once the 
food has entered the pharynx however, it has started ujxin a journey 
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over which we ha^e no control The subsequent stages of swallowing arc 
purely reflex m natuie 

The pharynx is like a aty square where two important lines of 
tralEc cross (Fig 25 10) Air passes from the nose into the upper part 
of the pharynx and through it to the laryTix and lungs The pharynx also 
communicates in front and abose witl* the mouili, and below with the 
esophagus Other traflic 
must be held up to allow 
the food to pass from the 
mouth through the phar 
ynx and down the esopha 
gus The opening from the 
nose into the pharynx is 
closed by raising the soft 
palate * The food is pre- 
\cnted from returning to 
the mouth because the pos 
tenor part of the tongue 
IS raised to block the way, 
and the pillars of the fau« 
ces approximated The lar- 
ynx IS raised behind the 
hyoid bone, and its open- 
ing closed by pressing the 
posterior laryaigeal wall 
against the root of the cpi 
glottis At this time a sliort 
inspiration occurs, and for 
an instant the breath is 
held So the food does not 
enter the larynx, except 
sometimes when, asissaid.it’goesihcwongway ‘ Has mg passed through 
the fauces (he food is seized and gripped by the muscular walls of the 
pharynx and forced down the only passage left open — the esophagus The 
svalls of this tube are muscular, and the stimulus of the food causes a 
svormhke w'ase of contraction — the pcrutaltic sove — to run through the 
muscle This svave sweeps the swallowed material downward and carries 
It into the stomach 

As the food approadics the losver end of the esophagus the muscle 
that guards the opening into the stomadt (cardiac spluncter), uhicli is 
ordinarily contracted to prevent food from re-emenng the esophagus 
from the stomach, relaxes and allows the food to enter 



Essphagus 


Fiq 25 to Sagittal section through ih« heod and 
neck to show structures involved in the act of 
jwollowing 


» VVTicn the soft palate Is paraJyinl as wmetinscs occun follos*ing diphtheria and in 
other conditions the palate cannot be raised and fluids pass Into the nose during 
ssvalloHing 
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Digestion in the 
Stomach 


FORM AND GENERAL STRUaiTRE OF THE HUMAN STOMACH 

The human stomidi when empt) of food is a fong coliapsed tube 
(except for its upper end) l)ing almost scrticnlly in the upper part of 
the abdomen or sometimes tnclinctf dot%n and to the right at an angle 
of about 15 degrees Its upper blind end is dome sliaped and lies bclm> 
the apex of the heart separated 
from It b) a part of the liter 
and the diaphragm This part 
of the stomach contains a few 
ounces of trapped air or gas 
uhich inflates it A hlilc below 
and to the right of the upper 
end of the stomadi is the open 
ing of the gullet or esophagus, 
Tlie loner pan of the sionnch 
has usual!) the shape of the let 
ter J or of a fishhooL and hes 
partly to the right of the mu! 
line of tfic body at about tbe 
Ictel of the nitcl (umbilicus) 

If a person is given a mixture of 
barium and his abdomen then 
xra)cd ilic stomach vmII can 
a shadow picture upon a sen 
sitne film because banura is opaque to the x ra)s. Such pictures have 
shovvai that the older descriptions of the juisition and sliapc of the 
stomacli as a rounded somewliat pcar-shaj>cd bag l)ing more or less hon 
35G 
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zontally across tlie abdomen uere wrong OE'cburse the shape of the 
stom ich and the position of its looser part changes from time to time 
tv ith tlie degree to which u is filled uiih food 

The lotver part of the stomach — tint portion 
corresponding to the hook of the J — is callcjJ fjie 
pjloricjjart The opening through whidi tlie food 
passes from this part into the intestine is called the 
]>yloric orifice or simply the pylorus The rountletl 
upper part of the stomach is known as the fundus 
The opening of the esophagus into the stomach is 
called the cardiac orifice The middle or mam part 
of iJie stomach is calJetl the hotly The left border 
of the stomach forms a large curve called the greater 
nmature The right border — from the entrance of 
the esophagus to the pylorus — is much shorter and 
IS named die lesser curvature 

The wall of the stomach is composed of three 
layers of smooth muscle lined by mucous membrane 
and covered by peritoneum The latter is called its 
serous coai The fibers of the outermost layer of 
muscle run longiiudinaUy and are continuous with 
those of the esophagus This layer is very thin on 
the anterior and posterior surfaces of the body of 
the stomach and relatively thick along the ciiraa 
lures The middle layer is composed of circular fibers 
that encircle the stomach In the innermost layer the 
fibers run obliquely and do not form a complete 
coat being confined laigely to the fundus TJie cir 
cular fibers are much tluckencd at the junction of 
the stomach with the duodenum where iliey form 
the pyloric sphincter The muscle of the stomach is 
supplied by the vagus and sympatl ciic nerves (Ch 
37) The mucous membrane of the stomadi is cov 
cred with nonciliated columnar epithelium many 
cells of vvhtcli secrete mucus its cells are continuous 
With those lining the gastric glands Strands of invol 
uniary muscle (miisciilans mucosae) arc present deep 
to the blind ends of the glands A layer of areolar 
tissue — the submucosa — separates the mucous mem 
brane from the innermost layer of the muscular 
coat of the stomadi 

The glands of the stomach The cells that secrete 
saliva vve have seen are massed together into six 
large glands that deliver their secretions into the 


Pg 26 2 Glands 
from tKe fundus of 
the stomach 1 p t or 
foveolo on mucous 
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2 neck of glorrd eon- 
toln ng muc n-seeref 
Ing cells 3 bottom 
(fundus) of gland 4 
porletol cells S ch ef 
cells 
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mouth along a few rclatncly large ducts Tlie gastric glands on tlic 
other hand are innumerable simple or branched tubular glands in the 
mucous membrane (Fig 26 2) Each gland opens sepantelj into a 
minute pit called the foteola The slightly narrowed part of the ghml a 
little below its opening into the fovcola is called the neck The main pin 
of the gland has been named the bod\ and the deep blind end the 
fundus The cells of the gland are of four tjpes (a) chief cells of the 
neck which secrete muan (b) chief cells of the body which secrete 
pepsin (c) parietal or oxyntic celts which form hydrochloric acid and 
(d) argentaffme cells of the fundus (which stain with siKcr nitrate) 


COMPOSITION OF THE GASTRIC JUICE 


The digestne juice secreted by the gastric glands is called the gastric 
juice It contains the following substances 


Enzymes 


Hydrochloric aad 
Pepsin (gastric protease) 
Rennin 
Lipase 


Peps n Pepsin is in enzyme formctl by the chief cells of the l>ody of 
the gastric glands (b iboic) It has the power to carry the digestion of 
protein food through the first stages toward ns final breikdown The 
large groups of ammo aci<l molecules of which protein is composed are 
broken into smaller groups (see Fig 2^9) These smaller groups o! 
amino icids are called proteoses and peptones The proteoses are com 
posed of larger groups of ammo aads than the peptones nnd arc the 
first fragments into which the protein molecule is broken by pepsin 
Peptones are foimeil at a somewhat liter stage of gastric digestion T hese 
substances are quite different from the original protein They can for 
instance be dissolved m water and since the molecules are soniet liai 
smaller they can pass through some animal membranes Nevertheless 
they cannot nourish the body unless funlier digested 

\\ hen the action of enzymes was described (Ch 21) it was stiteil 
vUit, wswe ot them rcqwtred, to be by •vtid otlict?. by alLili or 

certain neutral silts Pepsin is scrretcil and coming fresh from the gland 
cells IS inactive but is immciliaicly activated by the Iivdrochlonc icid 
secreted at the same time The inactive form of the enzyme is cill«l 
pepsinogen 

Hydrochloric ocid Hydrochloric is i strong mineral icid v Inch m 
full strength will dissolve small pirticlcs of iron zinc md other metals 
If dropped upon tlic skin it will bum piinfully It came is i great sur 
prise then when this powerful chcmtcil vvliich under ordinary circuni 
stances is so injurious to living tissues was discovered to be a constituent 
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of iJie gastnc juice Jt is an extraordinary fact that such an acid should 
be manuf-ictured by In mg cells The only other instances of a strong 
mineral acid being formed by li\ing processes is the production of sul 
func acid probably for defense purposes by certain mollusks and the 
presence of acid \Mihin the vaaioles of some one celled animal forms 
(Protoroi) The idea was so novel that for a time many could not believe 
that hydrochloric acid was actually formed by the cells of the gastnc 
glands and several experiments were performed to ascertain whether 
or not It was true The fact now is established beyond dispute Pure 
gastric juice contains from 04 to 05 percent of hydrochloric acid 

If a piece of meat is placed in a test tube with gastric juice or a solu 
non of pepsin and hydrochloric acid after a short time the meat will be 
found to have been dissolved Conversion of the protein to pioteoses 
and peptones has occurretl Yet the wall of the living stomach which is 
composed cliiefly of protein is unaffected by the pepsin and hydrochloric 
aad of the gastnc juice it secretes Why is the stomach not digestetl like 
any other meat? This question for a long time went unanswered but it 
now appears that the mucous membrane of the stomach produces am 
monia (alkaline) from urea which neutraJires the acid and thus protects 
the stomacli from digestion If however as a result of injury or through 
the cutting off of us blood supply a small area of the stomach loses its 
vitality then this part of the gastric tissue may undergo digestion by die 
mixture of pepsin and hydrochloric acid secreted by the rest of the stom 
ach This is the way in which an ulcer forms in the stomacli 

Gaslrtc and duodenal ulcer The most common occurrence of a 
gastric ulcer is at the lesser curv-ature along whidi food first passes after 
It has been swallowed The mucous membrane in this region is most 
Jikel) to be injured by rough coarse food A duodena] ulcer is also caused 
by the digestive action of the gastric juice u forms where the acid juice 
after issuing from the stomach first impinges ujion the duodenal mucous 
membrane Because they are caused in this way ulcers of the stomach 
and duodenum are called pe( tic ulcers In their treatment rough foot! 
and foods that lend lo stimulate gastric secretion as well as alcohol and 
coffee are avoided Milk cream and other bland items of diet are pre- 
scribed and measures are taken to neutralize the hydrochloric acid or 
to suppress Its secretion such as the administration of antacids mucin 
or enterogastrone (p 3r5) 

Rennin or rennet This enzyme clots or curdles milk it is secreted by 
the same cells tint secrete the pepsin Rennin is used a great deal com 
mcrciall) to curdle milk in the manufacture of cheese It is obtained for 
this purpose by grinding up the lining of calFs stomach and extracting 
the ferment with glycerine and water The same ferment is employed for 
making junket 

Upase This is a general term applied to ferments that iligcst fats 
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(cli 27) . The lipase of the gastric juia>— gcjtnV lipase— h \ery ami 

ordinary fats and oils cannot be digested at all in the stomacli. Certain 
fatt) materials, such as the )olL of egg, or cream, that are in the form of 
\ery fine emulsions undergo a certain amount of digestion by the gasiric 
juice, but the great bulk of the fat in tlic food is digested in the inies 
tme It passes through the stomach unchanged chemicallj, though ph)si- 
cally it is liquefied to a larger extent into oil as a result of the heal of the 
body, the separation of the far cells by the digestion of the fibers binding 
them together, and the churning mosements of the stomacli. 

It may be concluded from the foregoing account of the action of the 
gastric juice that the chemical ctiangcs that the food undergoes in the 
stomach are cliiefi) concerned tvith the digestion of protein Iloucxcr, 
as a result of the mosements of the stomach (see bclosv) and the .addi- 
lion of fluids secreietl b) the gastric glands, ss^Tilloucd as beserages, and 
secreted as salna, all foods, whateser their nature, also undergo certain 
physical clianges Softening, hqticfaciion. or solution of the food occurs 
until, at the end of gastric digestion, the contents of the stomach arc 
semifluid, basing the consistency of gruel or thick acam. The food in 
this stale is spoken of as chyme. 

SECRETION OF GASTRIC JUICE 

Food stimulates the gastric glands to secrete juice. Vet it has been 
Lnotvn for many jears that it is not necessary for the food to enter the 
stomadi in order for (he glands to be stimulated. The mere presence of 
food in the mouth tvill alone cause a >cry abundant scaetion of gastric 
juice The glands anticipate, as it sserc, the arrival of the food. The floiv 
of juice (hat occurs under these circumstances is brought about reflcxl), 
speaftcally through afferent impulses from the organs of taste to the 
medulla, and from the mesUilla by the vagus nencs to the gasiric glands. 
The flosv of juice produced in this svay is called the psychic secretion. 
It IS also ssell ktiossn that gastric jiiicc is secreted by means other than 
through nene impulses, for the stomach secretes juice esen though all 
communication s>ith the nervous ssstem Ins been abolished: all nencs 
to die stomach may be cut yet it continues to secrete juice when it rccciscs 
fom! This type of secretion that occurs only if the food .actually enters 
the stomach is tcrmetl, for the lack of a better designation, the seconilary 
secretion, the gastric phase, or the chemical phase of gastric secretion. 
The secretion of gastric juice is also influenced by the Icxxl afier it has 
passed from the stomach; this is called the infertinal phase. 

The psychic, cr cepholic, phase of gastric secretion The psychic phase 
has been studied in animals by Pavlov. From the foregoing paragraph U 
IS clear that in order to study the psycliic secretion, food must be given 
for the animal to dievv, but die stomach should not receive it. If the food 
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entered the stomadi, it would be impossible to distinguish the psjduc 
from the gastric phase. The animal is according!) “sham fed," that is, 
the esophagus is divided in the neck. The part above the division is then 
brought out through the neck wound and studied into position An 
animal prepared in this way can eat and enjoy its food (Fig 2G S) , but 
no food enters the stomach after being swallowed, it escapes from the 
opening in the neck. The animal eats with 

relish, yet it never becomes satisBed, and so 

"sham feeding” can be continued for any V \ 

length of time, and large quantities of gastric V. 

juice are secreted into the stomadi when the \ 

animal is fed in this way. Even five minutes V’ \ 

of sham feeding will cause the production of 
several ounces of strong gastric juice. The K\ 

greatest quantity of juice is seaeted for meat / \\ 

and other foods for ivhich tJie animal Is eager, 

because the essential quality of the food that ^ ®'' 

, . r . , .... esopnogeol fiitulo mods for 

causes the seaetion is its palatability— not ^ . 

. , . , , . . ‘ ' »hQm*feeaing experimonfi 

its chemical or physical properties. A greater 

secretion occurs if the animal is hungry. In contrast to salivary secre* 
tion (Ch. 25) , disagreeable substances, such as acids, pepper, or inedible 
materials, do not cause a psychic secretion of juice Indeed, if juice is 
already being secreted, it may cease when some unpleasant substance Is 
placed in tlie mouth. 

These observations point to the involvement of mental processes in 
the reflex meclianism The pleasure of eating, the agreeable stimulation 
of the organs of taste, and ilie gratification of appetite are essential con- 
ditions. It IS not even necessary that the food enter the mouth in order 
to cause the glands to respond Providetl the food is sufficiently appetiz- 
ing, the mere sight or smell of it will cause secretion In other words, a 
conditioned reflex occurs for the seoetion of gastric juice as for the secre- 
tion of saliva. The stomach "waters” as well as the mouth at the sight or 


smell of food (Ch 25) . 

Ilxperiaien.ts Similar to those described above liave been carried out 
upon -man. A man, of course, cannot be "sham fed" in precisely the same 
manner, but occasionally a person is found who has a closed esophagus 
Usually this is t!ie result of his having swallowed an acid or other de- 
structive substance in childhood, winch has so injured the gullet that 
a scar has formed during healing and completely closed the tube. No food 
can then pass into the stomach It is neces$.ar)’, therefore, for the penon 
to be operated upon and an opening made through the abdominal wall 
into the stomach through which he can be fetl. Experiments upon sudi 
human subjects have shown that tlic principles discovered by Pavlov 
from his studies upon animals also hold true for man. Chewing fowl, or 
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the sight or smell of an appetumg meal causes a secretion of juice The 
quantii) of secretion is decidedi) less if Uie food is umppctizmg or if the 
appearance and ensironment of the meal arc unttracine Oficnsn coders, 
t\orr>, and anxiet) are especially likely to depress seaction 

All these facts ha\e tlieir obsious applications to dietetics Food 
agreeable to the palate and attractive in appearance impressions received 
from a meal that has been prepared m a pleasing vva) and also prob- 
ably sensations arousetl by the surroundings yet not directly roncerned 
with the food itself (music good lighting Howers on the table, etc) all 
have an effect upon gastric secretion The impulse that guides the gour 
met IS sounder phjsiologialjy than liiar nhich impels the glutton In 
planning a meal the question of calorics and of the relative digcsiibilu) 
of the different foodstuffs should not be allowed to obscure eniircl) tlie 
ps)chic elements m digestion for the delights of the table have true 
digestive value These facts are exprcssetl in the phrase of Pavlov Apjx?- 
me spells gastric juice or in the hospitable words of Nfacbeth Now, 
good digestion vvait on appetite and health on bothi Custom seems to 
have recognized this truth for it is usual for a meal to commence and 
end wall the more strongly flavored and appetizing morsels For these 
reasons a is not alw'a>s wise to force a cliild to cat something that is 
good for him but that he detests Pleasant surroundings and an aarao 
me appearance of (he table are also valuable aids to digestion 

The gastric or chemical phase Tlie psychic secretion ceases vsahin 
30 minutes or so after the last morsel of footl has been swallowed There 
has never been any question however, that gastric secretion continues 
for a much longer period than this under ordinary circumstances— that 
IS when the food enters the stomadi and undergoes digestion How is 
this secondary secretion brought about? It is not governed by nerves 
since It occurs after all the nerves of the stomach have been several The 
glands are stimulated to a mild degree by distention of the stomach- 
tint IS by tlie stretching of the stomadi vsall by the food Hut the chief 
mcxle of stimulation is dicmical The chcmiol substance or hormone 
(Ch 38) IS formed in the wall of the stomach and earned to the glands 
in the blood stream Certain materials m the food stimulate the stomach 
wall to produce the hormone These materials are proem in meat and m 
many vegetables since they can be extracted vwih cold or hot vs-mcr they 
arc callwl exiraciwes ^\ hen meat is boiled the waiter or broth is ricli in 
extractives Soups, beef teas etc consequently contain large quantities 
of these substances Exrracuves possess no nuininc value bji since they 
cause the formation of the gastric hormone that siimula cs the gavtnc 
glands thq arc important awls to digestion lor this rc-isoii tlic wisdom 
of starting the meal w ith a broth or a soup is self-cv idem. 

Much experimental work has been undertaken m efforts to discover 
the nature of the gasinc hormone hen ii vsras first shown that an extract 
of the stomach vv-all caused a secreaon of gastnc juice w hen injected into 
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the blood stream of an animal the unknoxvn stimulating substance i\as 
called gastrin For a time many physiologists believed that the stimulating 
substance was simply histamine (Ch 18) and not a specific hormone 
Histamine is well known to be a pmverful excitant of the gastric glands 
It can be obtained in relatively large amounts from gastric mucous mem 
brane and in variable amounts from many other tissues But there is 
evidence that a chemical substance — true secretory hormone — quite 
apart from histamine is formed in the gastric mucosa but its nature is 
unknowTi 

The intestinal phase Food in the intestine also exerts an elTect upon 
the secretion of gastric juice This action is espeaally notable in the case 
of fat, svhich inhibits the gastric glands The meclianism is hormonal 
for It continues to operate after all nerves to the stomach and intestine 
have been severed The chemical material concerned has been named 
enterogastrone It is formed m the intestinal mucosa by the action of 
the products of fat digestion — fatty acids absorbed into the arculation 
and carried therein to die gastnc gland it suppresses their secretion 
Enterogastrone also exerts an inhibitory action upon the movements 
of the stomach 

Some other products of gastnc digestion (for example peptones) 
acting upon the intestinal mucosa stimulate gastric secretion but many 
details of the intestinal phase are vague and not dearly understood. 

THE MOVEMENTS OF THE STOMACH 

Within an hour or two after a meal the lower Jialf of the stomach 
becomes very active It appears under x ray observation to be continually 
changing its shape This appearance is given by rings or waves of con 
traction (peristaltic waves) that start a little below the center of the 
stomach and run dowmward in quick succession After digestion has 
advanced to the point where the fooil is of such a consistency as to be 
received by the duodenum these waves sweep it through the outlet from 
the stomach (pyloric orifice) The upper half of the stomach remains 
quiet no movements are seen The stomach so far as its movements are 
concerned consists therefore of two distinct parts The upper larger 
region which includes the fundus and the upper part of the stomadi 
bod) (p 35G) serves as a reservoir to hold the food for a time after it has 
been swallowed The lower, pyloric part churns the food as it is mixctl 
with gastric juice and passes it through the pylonc orifice into the intes 
tine As digestion proceeds the food liecotnes thoroughly mixed and more 
uniform in consistency The pylonc opening whicli up to this time has 
been closed and has olTerctl a barrier to the food earned to it by the 
peristaltic waves now opens each time that a vsavc of contraction 
approaches and the chyme is swcjit into the intestine. 

Rliythimcal contractions start in the lower half of the stomach 
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shortJy after it has emptied and become progresstveJj stronger and more 
frequent during a fasting period If the next meal is long dela)ed the) 
ma) become quite painful and are responsible for sshat are generaJI> 
known as hunger pangs They were studied \ery thoroughl) b) Pro 
fessor Carlson of Chicago and named by him /lungcr coii/rac/ionj 

It should be remembered that the mosements of the stomach and 
ilie physical changes tliese mo\cments bring about in the food are of as 
great or perhaps of greater importance than the chemical transformations 
caused by pepsin and hydrodilonc acid (p 558) Persons in whom the 
gastric juice is entirely absent appear to sufler little or no difficulty in 
the digestion of food The siomadi may be remoscd and pro\ided the 
consistency of the food is made suitable little digestive inconxenience 
results Disturbances in the raosements of the stomach on the other hand 
— the too rapid entrance of or the interference w ith the passage of mate 
nal into the duodenum — will induce ill effects A pnme function of the 
stomach is to prepare the food for intestinal digestion — to break it up 
to add fluid to it and after reducing the entire mass to a semifluid con 
sistency to pass it on to the duodenum 

Vomtng Vomiting is usually preceded by nausea The ejection of 
the stomach contents is accomplished m the following manner A strong 
contraction occurs in the pytonc part of the stomach together ^ iih 
relaxation of the body of the stomach and the cardiac sphincter Accom 
panying or immediately following these movements the abdominal mus 
cles contract forcibly and the diaphragm descends Thus the stomach is 
compressed and its contents being prevented from passing downv ard 
by the firm contraction of the pyloric region are forced through the 
relaxed cardia into the esophagus The latter relaxes throughout its 
length which permits the free passage upward of the stomach contents 
The larynx is raised at die same time and its opening closed thus pre- 
venting the passage of raatcnal into the air passages The stomach it 
will be noted is emptied passively that is from pressure applied from 
without. There is no evidence in the adult at any rate that an ascending 
peristaltic contraction of the gastric wall is instrumental m ejecting the 
stomach contents into the esophagus* In the young infant hov ever a 
reverse penstaltic movement of this nature probably does occur 

Vomiting IS a reflex act and may follow imtation of nerve endings 
(vagus or syTTipathetic) m the storaich or duodenum But the siimulat on 
of afferent fibers especially Uiose transmitting pain impulses in almost 
any organ of the body may induce vomiting The vomiting due to d seasc 
of the appendix or gall bladder or to some painful injury is well known 

» Thai vom t ng can occur ^ ihout act ve part cipat on of ihe stomach iisctf 
Shown many yean ago by Franco s Magend c a Frcnd phts ologisi He replaced U c 
stomach of a laboratory an mal with a p g* blatWer and found if at an enJ« f 
sxdn ung in the usual way 
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Afferent impulses ansing in a failing heart ma) also cause vomiting, or 
the act may be induced by psychic inffuences — an\iet), fear, or disgust. 
Seasickness and other forms of motion sickness are due to the siimuhtion 
of nerve endings in the labyrinths (utricles) of the car (Ch -IG) Nausea 
or vomiting not uncommonly results from eye strain, the afferent impulses 
initiating the reflex arising m the eye muscles 

Drugs and other substances used in raediane for the Induction of 
vomiting are called emetics Among those that act upon the nerve end 
mgs in the gastric or duodenal wall are aNlimony tartrate (tartar 
emetic) , copper and zinc sulphates, and salt or mustard and ualcr Cer 
tain otlier emetics, such as apomorphtne, act upon the vomiting center 
in the medulla oblongata It is probable, however, that the vomiting that 
follovvs the administration of emeiics of the latter type is also essentially 
reflex m nature The drug acts, apparently, by raising the excitability of 
the center — that is the threshold of the center to stimulation is lowered, 
so that impulses from vinous pans of the body, whiclt normally make no 
impression upon it or even upon consciousness, become effective The 
vomiting resulting from metabolic disturbances for example m preg 
nancy or nephritis, or that associated wiili general bodily fatigue, is 
explained in a similar way 
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Digestion in the 
Intestines 


For con\enience of anatomical desmption or the indication 
of the site of an abdominal lesion, the abdomen is marked off into regions 
by a number of intersecting senical and bonzonta] lines The bJocletl 
off areas on the surface tilth their names arc shoun m Figure 27 1 

Before describing the intestines and the digesiise glands that secrete 
into their lumen, an account must be given of the peritoneum. 

THE PERITONEUM 

The peritoneum is the serous membrane lining the abdominal and 
peinc cavities and enclosing the v75ceTa. or covering them only on their 
abdominal or pelvic surfaces The membrane lining the walls of the 
abdominal and pelvic cavities is called thepanetal penioneuzn, and that 
enclosing the viscera, ilie visceral peritoneum Those structures lying 
against the walls of the abdomen or pelvis, or in any position that per 
mils the peritoneum merely to cover but not to envelop them are said 
to be extrapcnloneal (Fig 272) Such organs arc the duodenum, pan 
creas, kidney, ureter and urinary bladder, and a good part of the large 
intestine and the uterus The pcnioneum completely or nearly com 
pletely encloses the liver, stomal small intestine, transverse and pelvnc 
colons, the spleen, and the uterine tubes The parietal and visceral 
layers of the peritoneum are, like the corresponding layers of the pleura, 
everyavhere in contact But the space between the layers, though onlv a 
potential one, is called the peritoneal cavitv In enclosing a viscus the 
pentoneura gives off from the abdominal wall a fold or reduplication, 
in which the organ is held and suspended as in a slmg The fold envel 
opmg the small intestine springs from the posterior abdominal vvall, and 
366 
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spmds out enormously from its origin, as it must do to accommodate 
the ttventy-odd feet of the bowel Since it follows the coils of the intes 
line. It IS throun into turns and curies like the flounces in the hem of a 
lery wide skirt This fold of the 
peritoneum is called the mesen- 
tery It, like the other peritoneal 
folds, carries the blood tessels, 

Ijmphatics and nenes to or 
from the bowel The irans\erse 
colon is slung in ilie transverse 
mesocolon, and the pehic colon 
in a much shorter mesocolon 

The arrangement of the 
peritoneum is much more com 
plicated in the upper part of 
the abdomen than in the lower 
part and in the pelvis Starting 
from the level of the umbilicus 
on the anterior abdominal wall 
and tracing it upwards the pen 
loneum is found to cover the 
under surface of the diaphragm 
and then to turn down on to the 
upper surface of (he nght lobe 
of the liver, whicli it invests 
On the under surface of the liver it ascends m the great transverse 
fissure, or porta licpaiis, where it folds downward upon itself, and 
meeting the pentoneum from the left side, descends to the lesser curva 
ture of the stomach Tins double layered fold is called the lesser omentum 
Its la)ers separate and enclose the stomach The two layers rejoin along 
the greater curvature of the stomach, and extend below it. This double 
lajer of peritoneum after descending for a short distance turns upward 
again upon itself and then passes backward, enclosing on its way the irans 
verse colon, to the posterior abdominal vvall where its layers separate once 
again One laver turns upward over the pancrens aorta and vena cava, 
and the duodenum to the jnfcnor surface of the diaphragm, the left 
part of whicfi it covers It then turns down to the left lobe of the liver, 
on the under surface of which it turns into the porta hcpatis, and 
meeing the layer from the right side, descends with it to form the lesser 
omentum as just described 

The two closely applied layers of peritoneum depending from the 
greater nirvature of the stomach obviously form four layen as they 
double back upon themselves This fourfold apronlike structure is called 
the greater omentum. 



black 
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Diaphrgflni 



Fig 37 2 SogcHol («et on through the femole ebdomen end 
pelvij to show the d spos lion of the peritoneum 


The mam pan o£ the pentoneal caMi) u called ihe greater sac. The 
lesser sac hes behind the storaidi The greater sac js bounded in front 
b) the anterior two la)ers of the great omentum the stomach the lesser 
omentum and the left part of the hver The posterior boundarj is 
formed by the posterior double layer of the p’eat omentum, the tons 
serse colon and its mesocolon, and the pentoneum cotering the upper 
part of the posterior abdominal rvall The greater and lesser sacs, tvhich 
are potential casities only, are separated from one another except for a 
shthke opening called tlie epiplo/c foramen, through nfnch tfiey com 
municate This is situated in the upper part of the lesser omentum near 
its right border The greater omentum cosers the cods of the small mies 
tine like an apron It contains an abundance of fat, especially in obese 
persons The potential space bounded by its anterior and posterior 
double layers is called the recess of tlie lesser sac 

The greater omentum jxissesses t most valuable protective function 
for it has the remarkable faculty of fimhng' an mflamed area such as 
an acute appendix or a perforated ulcer, surrounding it, and tsalling it 
off from the general peritoneal cavity It contains many macrophages m 
the areolar tissue between its layers 
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The la)er of peritoneum that descemU on the posterior abdominal 
wall gi%es off a fold knoun as the mesenier)’, tvhich has alreadj been 
described. The peritoneum lines the pehic walls for a \ariable distance 
but most usually to a point about 3 indies above the anus It endoses 
the pelvic colon, to which it supplies a short mesentery. The pelvic peri- 
toneum covers the upper parts of the uterus, bladder, seminal vesicles, 
and rectum. In the male the pcnioneal cavity as a whole is completely 
sealed from the exterior. In the female the ovaries and uterine tubes are 
completely covered by peritoneum The uterine tubes, however, open 
into the peritoneal cavity. Since these tubes are continuous with the 
uterine cavity, and it in turn leads into the vagina, a communication is 
established between the pelvic cavity and the outside world Under cer- 
tain unusual circumstances infection may spread along this route and 
cause inflammation of the peritoneum — peritontlis. 


ANATOMY AND PHYSIOIOGY OF THE PANCREAS AND LIVER 
The pancreas 

This large gland seaetes the pancreatic juice It lies on the pos- 
terior wall of the abdomen, its right expanded portion, or head, occupy- 
ing the concavity of the curve formed by the duodenum The portion 
to the left of the head is called the neek. and the succeeding part the 
body; the slender extremity which running well to the left comes into 
relation with the spleen, is called the tail (Fig 27 S) . The pancreas is a 
racemose gland, resembling the salivary gland in its microscopic appear 
ance; it is sometimes called the “salivary gland ol the abdomen” The 
gland discharges its secretion through a long duct — the pancreatic duct — 
into the duodenum This duct usually opens upon the duodenal mucos.i 
through an orifice common to it and the common bile duct; the two 
ducts joining within the duodeml wall to form a short, wide passage 
called the ampulla of Vater, or the ampulla of the bile duct Besides the 
important role that it pbys in digestion, the pancreas produces instiltii 
the carbohydrate hormone (Ch. 30} Insulin is not formed by the same 
cells that secrete pancreatic juice, but by groups of special cells — the 
islets, or islands, of Langerhans — lying here and tlicre throughout the 
ordinary glandular (acinar) tissue (Fig 27.4). 

The composition of pancreatic [uice. Pancreatic juice is composed of 
the following: 

Trypsin (pancreatic protease) 

Amylojisin (luncreatic amylase) 

Steapsin (pancreiiiclijnse) 

Rcnnin 

Sodium carbonate ami sodium bicarbonate 


Enzymes 
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or tliree ammo acids This enz)TOe is secreted as an inactive precursor 
tiypsinogen but is converted m the intestine to tripsin by an enz)me 
called enterohnase 

Amylopsin, or pancrealtt amylase resembles the ptjahn of saliva in 
ns aaion that is it breaks the large moleailes of starch into the stnallei 
molecules of maltose (Ch 30) But it is man) times more powerful than 
pi)alin As a matter of fact it is not until starch reaches the intestine 
and IS acted upon by the amylojisin of the pancreatic juice that it is 
effectively attacked hlaltose vve have already seen is not absorbetl since 
Us moleaile is composed of two molecules of glucose The pancreatic 
juice contains a weak ferment maltose that effects the final splitting of a 
small proportion of the maltose The great mass of this disacchiride how 
ever is converted into glucose by a ferment in the intestinal juice 

Slcapsm splits fat into fatty acids and glycerol (see Fig 24 9) In this 
action It IS aided as we shall see by the bile 

Rcnnw has the same action as the rennm of the gisinc juice — it 
curdles milk 

The secret on of pancreatic |uice The vagus nene sends brandies to 
the pancreas and along these nerves messages flow from the autonomic 
nervous system (Ch 37) to the gland and cause it to secrete This how 
ever is only one means by which the secretion of the pancreas is gov 
erned It is also stimulated by a hormone manufactured in the mucous 
membrane of the intestine and (hen earned by the blood to the gland 
This hormone is called secretin If ilie wall of the intestine of any animal 
IS ground up with water and then fiheret! so as to free it of solid particles 
the dear fiiiid so obtained will be found to contain large amounts of 
secretin for when the fluid is injected into the blood of another animal 
a very abundant secretion of pancreatic juice results 

Another hormone that stimulates the secretion of pancreatic juice 
has been discovered more recently It is called pancreozymin TVhereas 
secretin induces mainly the secretion of the v>’aier and salts of the pan 
creatic juice pancreozymin stimulates diiefly the secretion of the enzymes 


The liver (heparl 

This is a large gland — the largest in the botly — of a dark chocolate 
color situated in the right half ami part of the left half of the upjier end 
of the abdominal cavity It hes to a large extent under the shelter of the 
lower ribs, its upper surface being rooldetl to the under surface of the 
diaphragm the central tendon of which alone separates it from the heart 
and pericardium Its antenor surface is triangular witli its apex tov\-ard 
the left A deep iransvene fissure callevl the portal of the hver, or Uie 
porta hepatis, marks its inferior surface and through this the portal 
vein hepatic artery, lymphatics bile ducts and nerves enter or leave the 
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Fg 27 J A the Iter onteror view B I ver turned to left to show 
inferior ond posle or surfoces 


organ These structures reach or lea\e Uie Iner by passing betsveen ilie 
layers of the lesser omentum The Iiser is divided into a large right and a 
smaller left lobe by the fold of peritoneum called the falciform ligament 
turned dotsm from the under surface of the diaphragm and the antenor 
abdominal irall onto its superior and anterior surfaces (Figs 27 5 and 
24 7) Tno smaller lobes are marled off on the posterior and inferior 
surfaces of the nghi lobe called the quadrate and caudate lobes 

The quadrate lobe situated on the under surface is marled off on 
the right by the impression made by the gall bladder on the left b) a 
fissure that lodges a fetal remmnt known as the ligamenlujn teres behind 
by the porta hepatis and m front by the lower border of the Ji'cr 

{Fig 27 5) 
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The caudate (Spigelian) lobe lies on the posterior surhce between 
a fissure on the left that lodges the remains of the ductus >cnosus an 
other fetal \'estige, on the right b> a groose occupied bj the upper part 
of the interior \ena cara and below b% the porn hepatis which separates 
u from the quadrate lobe The caudate lobe is continuous above with 
the supenor hepatic surface 

The liver is covered b) peniotietim except for a hare area on the 
posterior surface of the right lobe 

The minute structure of the liver Tlie liver is composed of rows or 
cords, of cubical cells that radiate from a cculral vein On one side of 
eicli cord lies a blood vessel constderabl) wider than a capillar) and 
known as a sinusoid, into which bloorl from both the portal vein and the 
hepatic arter) is delivered, it empties into the central vein On the other 
side of the single row of cells is a bile capillarv Bile pigment derived 
from the hemoglobin of disintegnted red cells together with other mate 
rnls, are taken from the blood by the hepatic cells and passed into the 
bile capillaries as bile (Fig 27 fi) The central vein, its tribunr) sinus 
ouls. logetlier with the liver cords and bile capillaries constitute a unit, 
or lobule, of the liver The blood received b) the central veins of a 
number of neighboring lobules empty into a larger vein running between 
them called a sublobular, or an intercalated vein The latter unite to 
form two or more hepatic veins vvhtdi dram the blood into the inferior 
vena cava (Sec also Ch 13) 

Outline of hepatic function The liver is the great chemical labonior) 
of tlie bod) In this organ glucose brought to it from the intestine b) 
ilie portal vein is convened to glycogen, vvhicli is deposited in the he|)aiic 
cells Upon demand the glycogen is reconverietl to glucose and dis 
charged into the circulation for use as fuel The liver is also the scat of 
the fundamental processes concerned in the metabolism of protein and 
fit Most of Its manifold functions have been touched upon m other 
parts of this book Here will be descnbetl its function in secreting bile 



Fig 27 6 Showing fwo liver cofdi end iheir reJolion to the blood ond b le veneli 
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The bile ducts and the bite flow The bile is an excretory as ^\ell as a 
secretory product of the Ii\er It pisses to Jis destination through a s)s 
tem of channels called the bile ducts (Fig 27 7) We have seen that the 
bile IS formed by the cells of an he|)atic lobule and that the fine canals 
m which It first appears he between the liver cords, and are called bile 
capillaries TTiese diannels unite at the periphery 
of the lobule to fonn mierlobuhr bile duels which 
unite into large \essels until eventually at the 
porta hepjtis the two hcpaltc ducts, one from each 
lobe are formed these join to form the common 
hepatic duct which after being joined at an angle 
by the cystic duct ts called the common bde duct 
The common bile duct opens wuh the pancreatic 
duct into the ampulla of Voter situated in die 
wall of the duodenum Tlie ampulla communi 
cates with the interior of die duodenum by a small 
orifice 

The bile is s«rreied continuously by the liver, 
but enters the duodenum only at mienals This is 
because it can be stored in the gall bladder 

The gall bladder This i$ a srtiall sac, somewhat 
greenish m color from contained bile, and resem 
bling a pear upon its stem Its walls are dun diey 
possess a stratum of smooth muscle and a lining 
of mucous membrane Its duct, the cystic duct 
mentioned above, represents the stem of the pear, 
the interior of tins duct shows a senes of spiral 
folds in die mucous membrane called the valves of 
Heistcr The gall bladder is situated on the under 
surface of the liver to which it is held by die peritoneum passing over it 
Its blind end, called the fundus, points downwards and peeps from beneith 
the low er border of the liv er 

The functions of the gnil bladder are to store the bile to concen 
trate it by absorbing water and salts and to discharge it from time to 
time into the duodenum The stimulus to the contraction of the gall 
bladder is food in the duodenum, espeaall) fatty food sudi as cream or 
egg yolk The contraction of the gall bladder caused by fat is not a nerv 
ous reflex, but is caused by" a hormone formed in and released from the 
mucosa. of the intestine, it has been named cliolecystokinin 

The composition of fade The pnnapal constituents of the bde are die 
pigments, the bile salts, and fatlike or vvaxlike substances lectlliin and 
cholesterol The percentages of these constituents are given in the fol 
lowing table 



Fig 27 7 The goll 
bladder, opened to 
show mucous lining 
and bile ducts note 
valves of He sfer tn 
cyst e duct 
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Dile Corntiluent 

Percetit 

Water 

97 48 

Solids 

2 52 

Mucin and pigments 

0 53 

Bile salts 

0 93 

Fatty acitis from soaps 

0 12 

Cholesterol 

006 

Lecidim 1 


Fat f 

0 02 

Inorganic salts 

0 83 


The bile pigments ire btbntbm and bibieubn Bilirubin has a 
golden red color bihverdin is >ellou green The pigment of human bile 
IS mostly bilirubin, whereas the bile of cattle and birds is diielly bih\er 
dm Both pigments have the same origin When bilirubin becomes 
oxidized, It passes through a senes of color changes and the first change 
isiogreen — iliat is tobihverdm 

The bile pigments are derived from the hemoglobin of the red cells 
\Ve have already seen (Ch 7) that each day millions of red cells die and 
are replaced by fresh ones turned out by the bone marrow The dead or 
dying cells are seized by huge cells (macrophages) found in the spleen 
and in other places— tlie liver bone marrow and the general connective 
tissues These cells, w^hich belong to the reticulo-cndothehal system 
mine the hemoglobin for the valuable iron in its molecule The hemo- 
globin thus deprived of its iron i$ passed on to the liver cells, where tt is 
excreted in the bile as bilmibin or as the Jailers oxidation product 
bifivcrdm The iron is stored in the hver and sp/een and used hter from 
time to time for the manufacture of new hemoglobin ^ 

We have all seen the successive color changes of i bruise which is 
caused by the escape of blood from small vessels into the subcutaneous 
tissues or deep layers of the skin At first the skin apjiears a dark red 
color or almost black After a few days the bruise becomes lighter and 
acquires a greenish blue hue later a yellowish green then a yellow, which 
gradually disappears The color sequence is due to bilirubin and ils o\i 
dalion products This is wlnl happens An injury to the surface of the 
body, particularly where the tissues arc soft niul loose causes the rupture 
of some small veins lying perhaps at some little depth from the surface 
Blood escapes and after a time makes its vvny to the surface and shows 
through the semitransparent skin The blood at first is dark because the 
reduced hemoglobin has not yet been dianged by the large cells of the 
tissues mentionetl above but after a tune the iron is reinovtxl and bib 

* When the bik n id ej ihr inuuinr the bitinibm an 1 biliictdin are acted nn b) 
baactia and iin Ictgn ridiici >■> aKain Tlicir o lor ctisi gis to a jrllouish bronn Tins 
pigniMit colors the fccrs and is rail d sletr I it n 
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rubln is fonncil- OKjchiion of ihe pigment anil its gradual remoxal 
account for the dianges in ihc tint ami depth of the color that result as 
time goes on In a bruise, then, ue can see beinre our c\cs the formation 
of bile pigmcju. From the Jicmoglobin of millions of red cells tlni break 
up eser) minute in the healths botlj, small amounts of bilirubin arc 
formetl in the spleen and IKer ami are c\rretcd in the bile. 

Jaundice. This is the itrro Risen to the )enoi« color of the skin, 
mucous membranes, and sslutcs of the c>cs that is seen s\hcn the blood 
contains too much bile pigment. Should the duct that carries the bile 
mio the intestine (common bile duct) become complctel) hlocieil. as 
b) a gallstone, then the pigment, uhich should l>c remosed from the 
blood in the bile. s\i!l of course accumulate uiihin the bod) and st.iiii 
the tissues )clloir Furthermore, since bile cannot now reach the intattne, 
the stools are unpigmentetl: the) arc usual!) dcscribctl as "clav colored." 
But bile pigment is c\crctetl by the kuinc) and stains the urine a deep 
)eJlou', oreren broiwi or green. 

It should be emphasized chat jaundice is on!) a sign, or s)'mpiom. 
of disease, not a disease in itself. Jaundice also results from disease tint 
injures the hser and interferes with its function of excreting bile pig* 
meni Or jaundice of a milder 1)^0 ma) be caused by the cxccsshe de- 
struction of retl cells, as in certain i)pcs of anemia. The large quantitj 
of bile pigment produced from the relcaseiJ hemoglobin cannot then be 
all excreted esen though User function Is norma! 

Thus, three t) pes of jaundice arc recc^nizeil according to the manner 
b) ulu'ch ihev arc caused— svhcihcr bj obstruruon of the flow of bile, b) 
insufFicienc) of liscr funciion. or b) an cxccssisc hbemiion of hemoglobin 
from the rctl blood cells They arc termed o&JtrwctiVe, hepatogenous and 
hematogenous, respecii\clj. 

The bile sails arc jodtum gfycoc/io/atc and sodium taurocholate. 
Strictl) speaking the bile is not a digcsiisc scaction, for it contains no 
enz>me that acts ujxjn foosl. But through the action of the bile salts it 
pla)s a prominent role in the splitting of fat and the absorption of the 
spilt protliicts. The bile salts exert their effect upon fat digestion 1) 
sirtue of their propert) of lot»enng surface tension and of faolitating 
the solution of fatt) substances in the aqueous fluids of the intestine. 
Thc) thus enable the fat to undergo dtsision into small globules, and as 
a result of this, to form a finer cmidsinti s»ith the intestinal secretionv 
Thus the total $urf.icc of thc fat cx|m>scsI to thc action of the fat splitting 
cnr)Tiies — Iipiscs — is increased m3n)fo!d, and the digcstisc action of tlic 
cnz)mes coiTCs|>ondingI) augmented. Wlicn bile is absent from thc intes 
tine, as in obstruction of the common bile duct, a considerable propot* 
lion of the fat remains undigested and unabsorbed: undigested fat as s^cll 
as unabsorbed products of its digestion apjscar in the fetes, sshich are 
pile and bulks. The manner in sshicli the bile salts fasor thc alrsorplmn 
of fat IS not connected directl) ssiih their projicTt) of Imvcring siiifjcc 
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tension but is owing to the fact that the> form compouiuts with the fatly 
acids Such compounds are more readily absorbed than the fatty acids 
theniseh cs 

Lecithin and cholesterol are greasy or wa’cy substances belonging 
to the class of compounds known as hpuls * They hate a widespread 
distribution in the body being found in many tissues especially ncraoiis 
structures and tJie erythrocytes They are of interest in connection with 
the bile because their concentration in this fluid or rather their concen 
tration in relation to the concentration of the bile salts is an important 
factor in the production of gallstones If they are in high concentration 
as compared with that of the bde salts these hpids especially choles 
terol, are likely to come out of solution and form a gallstone Some gall 
stones are almost pure cholesterol though others are composed mainly 
of precipitated bile pigment Most stones are formed in the gall bladder 
and in this situation may giae rise to no syanptoms But sercre colicky 
pain IS caused should the stone be expelled from the gall bladder and 
passed along the cystic or the common bile duct If the stone lodges in 
the latter situation and blocks the flow of bile into the intestine jaundice 
will result 


THE INTESTINES (OR BOWELS) 

The intestinal tract is dnided for purposes of desoiption mio the 
small and the large iii/estiiic (see Fig 21 7) 

The smoJJ infeshne 

The length of the small intestine of man is about 21 feet (0 5 meters) 
Wien the abdomen is opened and the greater omenium lifted up the 
small intestine ajipears as a tube a httle oecr It/g inches in ihamctcr, 
thrown into a mass of glistening cods (see Fig 21 fl) 

Tins part of the intestinal tract extends from the 
pylorus of the stomacli to the ileocolic aahe, through 
wliicla It empties into the first part of the large inlcs 
tine The small intestine is described in three parts— 
dtiodenum, je/unumj and iletim 

The duodenum (L. dtiadeni tasche) is the first 
and svidest (5 cm) pan of the small intestine It is 
about 10 inches (12 fingerbreadtiis) long and m 
larger anatomical texts is described in three parts 
first, second and third It forms a C-slnped ainc 
with the concavity to the left, embracing the head 
of the p increas (Fig 27 3) The duodenum is co\ erctl 
only on its anterior aspect by |)critoncuni and then. 

* O otcsic-n>l iKtiPRS to a s ibcLivt of the I { i Is catlnl tlir iiciuts and kxiiliin lo 
a SLibclass knoHn as llic phos{ h iliputs because fl ciii Uins pbosptiurus. 



Fig 27 8 Seel on 
of small inlesi ne 
Opened lo show the 
circulor folds or 
volwloe coon »en 
les 
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lore unlike the rest of the simll intestine does not possess a mesentery 
The duodenum receives the chyme from the stomach the pancreatic 
duct and the common bile duct open into it usually by a single orifice 
The jejunum (L empty) succeeds the duodenum it is about 8 feet 
long and therefore constitutes about two fifths of the entire small mtes 
line The junction of the duodenum uiih the jejunum is called the 
duodenojejunal flexure It forms a sharp bend fonvard 

The ileum is the remainder of the small intestine it is the narrowest 
part being only about 1 inch wide tov ird us lower end where it opens 
into the commencement of the large bowel 

Structure of the walls of the small intest ne The intestinal wall consists 
ol a rnucoHJ submucous muscular 'ind a serous (peritoneal) coat 

The surface epithelium of the mucous membrane is of the tall col 
umnar type and contains an abundance of goblet cells There is a well 
marked muscularis mucosae Tlie submucosi is a layer of loose connec 
tive tissue lying beneatli the mucous membrane and uniting it to the 
muscular coat it carries plexuses of blood vessels and lymphatics and a 
network of nene fibers and gangl on cells called the submucous plexus 
ol Metssner 


Mueasal su face 



Fg 27 9 M eroscop c oppeoronce of a seeffon ih ougfi the imolf 
Infest ne The bundles of crcular mutde are cut at r ght angles to 
the course the longtvdnal fbers along the length A nerve 
plexus (Me ssner's) Is s tuoted n the submocosa another (myenfer e 
plexus of Auerbach) I es n the connect ve t siue between the c rcutor 
and long Ivd nal muscle coals 




The follo\> mg structures of the mucosa should be particular!) noted 
(a) ctrnilar folds (b) intestinal mIIi and ghnds and (c) I)mpiiaitc 
nodules The circular folds or saUnilae connuentes are folds of mucous 
membrane that run partiall) or completely around the interior of the 
small intestine (Fig 27 8) Commencing near the middle of the duode 
ftum the) hecome partradirfj promment rn the jejtmtmt bat are mueft 
less conspicuous in the ileum in the loner part of which they are few 
or absent They sene to inciease the absorbing surface of the intestine 
The lilli are minute fingerhke piocesses of the mucous membrane just 
Msible to the mhed e)e that project from the inner surhcc of the intes 
tine (Fig 27 10) They give the mucosa as cliaractcrislic velvety apjiear 
ance Each villus is covered b) epabchum and connins in its core i fevi 
smooth muscle fibers a lymph vessel calletl a hctenl and a plexus of 
blood vessels feil by an arteriole The vessels arise from or join hrger 
vessels in the submucosi The vilIi are larger and more numerous in ilic 
duodenum and jejunum than in the ileum In Uie iiuemis beivsccn llic 
villi the mouths of minute tubular glands arc to be found These arc the 
inicstinal glands or crypts of Lteberkuhn the) secrete ilic imcsitnal 
juice Patches of l)inphoid tissue known as Pejers patclics, or aggregated 
lymphatic nodules are found in (he mucosa 

The villt are the absorbing units of the intestine The muscularis 
mucosae is ceaselcssl) contracting and relaxing rh) ihmically during diges 
lion and causes corresponding slioaening and lengthening or stv-ajuig 
movements of the vilh Such movements have the efTca of stirring the 
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jniestinal fluids and of constantly bnnging them into contact tsith fresh 
surfaces The absorption of digestue products is iherebj faciluued 

The glands of the first half or so of the duodenum are different from 
those of the rest of the intestine The) are lubuloaheohr in t)pe and 
known as Brunner's glands eadi discharges its secretion into tfie duode 
num through a single duct 

The muscular coal js composed of two la)ers of smooth musde 
an inner one of circular fibers and an outer one of longitudinal fibers 
Between the n\o is the myenteric (nerse) plexus of Auerbach 


The large intestine 

The large intestine commences at the ileocolic valve and ends at 
the anus It consists of the cecum, colon, rectum and anal canal (see 
Fig 217) 

The ileocolic valie guards die opening between the ileum and the 
first part of the large intestine namely the cecum It is formed of mo 
folds of mucous membrane that like lips dose the opening except when 
materia! is disdiarged tluxiugh it from die ileum It blocks the passage 
of Quid m the reverse direction and thus prevents contamination of the 
small iniestme from the large 

The cecum commences on the right side of the lower part of the 
abdomen It is a saclike structure about 2i/> iches long and about 3 inches 
wide the ileum ;oins the upper part of its media] side From it the large 
intestine is continued upwards as the 
ascending colon T/ie lower eml of 
the cecum is blind and about midway 
between this end and the entrance of 
the ileum It gives rise to a slender 
VMirmsliapcd tubular structure called 
the vermiform appendix This little 
organ tliat so often u an abdominal 
storm center its inQammation being 
knowTi as appendicitis has an aver 
age length of about 314 inches but 
may be 8 inches long It is linetl by 
mucous membnne and has a arcuhr 
and a longitudinal coat of smooth 
muscle A triangular fold of perito- 
neum called the mesoappendix runs 
from the mesentery at the lower end of the ileum and encloses the 
appendix It carries a small artery that may become occluded in acute 
appendicitis When this occurs death ^ngrene or necrosis) of the npfien 
dix results The cecum is usually completely enveloped by peritoneum 



F g 27 II Tf>» ceci/nt and yermifonn 
append x. 
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The colon forms roughly three sides of a square with the open side 
below md appears to enclose the c»ils of small intestine It commences 
on the lower right side of the abdomen svhere it is continuous with the 
cecum Ascending to the region ol the h\er it turns nbruptl) and crosses 
the abdominal cavit) at about the le\e! of the umbilicus to the left side 
in the region of the spleen from here it descends m the left (link and 
enters the pelvis The colon is therefore convenient!) divided for descrip- 
tive purposes into four parts — iheojccnding transverse descending and 
pcivtc colons The ascending and descending colons are covered but not 
enveloped by peritoneum the) have no mesenter) and ire therefore fixed 
to the posterior abdominal wall Tlie transverse colon on the other hand 
having a long mesocolon is freely movable between us attachments on 
either side where it joins the ascending and descending colons It there 
fore sags in the middle like a festoon The junctions of the transverse 
colon with the other parts of the colon in the region of the liver and 
the spleen are called respective!) the right and left colic flexures The 
pelvic colon the continuation into the pelvis of the descending colon 
commences at the brim of Uie true pelvis (Fig 27 12) After making n 
curve that Ins in form been compared to the letter S u becomes con 
itnuoiis with the rectum at the level of the third sacnl vertebra It is 
about l(i inches long nnd »$ luachetl to the pelvic wall by the |>elvic 
mesocolon 

The rectum which is continuous above with tlie jielvic colon lies 
at fint m the concavtt) formed b) the sacrum and coeqx Ilui a little 
in front and below the coccyx it bends backwards to Uie ami caml 

The anal canal is a short passage about 1 inch long (2 to 3 an) that 
opens to the exterior through the anus or anal orihcc It is surrounded 
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b) the miemal and external ma! sphincter muscles (sphincter am jjiier 
nus spluncter am externus Ch 5) 

The structure of the wall of the large Intestine Like that of tlie small 
intestine the wall of the large intesime has four coats — mucous sub^ 
mucotis muscular, and serous The serous coat is of course the pen 
toneum whicli as we ha\e seen forms a complete coscring onlj for ccr 
tain parts — cecum and the transverse and pelvic colons The periioncimj 
covering the large intestine shows a number of small jxiiicltcs filled with 
fatty tissue that appear as pear shaped oval or round bodies about the 
sue of large beans clinging to the surface, they arc called appendices 
epiploicae 

The mucous membrane differs m several respects from that of tlie 
small intestine It is covered with columnar epithelium but there are no 
villi the glands arc longer, contain large 
numbers of goblet cells but do not se- 
crete digestive ciir)mes Solitary I)mph 
nodules are present but not the aggre- 
gated variei) The muscularis mucosjc 
IS well developed The upper half of the 
anal canal is lined b) mucous mcm 
brane but the lower half b> skin the 
mucous membrane is raised into several 
(6 to 10) vertical columns called ll>c 
anal columns of Morgagni (Fig 27 H) 
The veins in the mucosa of the anil 
canal not infrequently become dilated 
(varicose) and form small ptmhiloiis 
swellings known as tniemal hemorrhoids or piles Similar varicose swell 
mgs of the veins of the skin lined lower part of the anal canal occurs less 
frcqucntlj they are called external hemorrhoids or piles 

The muscular coat of the large intestine consists of an inner la)cr 
of circular fibers and an outer one of longitudinal fibers as m the smill 
intestine but die longitudinal lavcr is thickened to form three bands 
called taeniae, which appear to be too short for the intestine and dni'v 
It into puckers and {Hjcfdics known as hausira (F/g i*? //} 

The seerelion of the intestinal glands 

Two mam t)pcs of cell arc to be found in the intestinal glands or 
crypts of Licbcrkulin Those lining the gnriicr part of tlie crypts arc low 
columnar m ivpe and secrete mucus Rut those m the deeper parts of the 
glands are of a special type they contain numerous granules that sum 
selectively with acid dyes (such as the rcil dye cosm) They arc bclicvcil 
to produce the enzymes of the mtcstinal juicc and arc known as diecelh 
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of Paneth (Fig 27 14) It should be mentioned that the term intestiml 
juice IS applied specifically to the secretion of the intcsiiml glands and 
IS not used in a general sense to mean simply the lluids in the intestinal 
canal The Latin name jufcus entencus is also sometimes applied to 
the secretion 

The intestinal juice contains the 
following enzymes 

Maltase 
Erepsin 
Lactase 
Sucrase 
Lipase 

Erepsin is a \ery poiserful en 
zyane that attacks the fragments 
(groups of ammo acids) of ibe pro- 
tein molecule after its d gestion by 
tlie trypsin of ilie pancreatic juice 
Erepsin separates the indmdual ami 
no acids from one another and so 
carries the digestion of protein to its 
final stage The separate amtno acids 
are absorbed into the blood and are 
carried to the many cells ot tlie body p ^ 27 u un 0 erypt of l eberkuSo 
ANhere they may be built up into wib goblet cells Rghl on enlarged 
protoplasm to repair the uear and ske cb of botiom of crypt lo show ceffi 
tear of the tissues or for growth of Poneth loaded wlh granules 

Maltase splits the sugar maltose 
into two glucose molecules 

Lactase in the same way splits lactose into two hexose molecules 
(Ch 30) — glucose and galactose 

Siicrast acts upon cane sugar (sucrose) breaking the molecule of this 
disaccliande into Us constituent hexose molecules — glucose and fmciose 
No digestion of this sugar occurs until it teaches the micsitne and comes 
into contact ivith the sucrase of the micsimal juice 

Lipase spills the molecules of fat into its consimienls— glycerol an 1 
fatty acids 

In Figure 21 9 the digestion of protein carboliydrates and fats is 
summarizcil diagrammatically 

ABSORPTION OF FOOD 

Absorption from tlic digestiic tract has been dealt null in a general 
my in Clnptcr2l 
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Food whether carbohydrate fat or protejn jf thoroughly digested 
js virtually all absorbed Little if any is excreted in the feces (stools) 
Absorption of food occurs entirely through the small miestme though 
water under certain circumstances but probably not ordinarily may be 
absorbetl from the stomach. Large quantities of s\ater are absorbed from 
the large intestine Alcohol is absorbed from tJie stomach and even in 
small amounts from the mouth Glucose solution if in It gh concentra 
lion may undergo some absorption through the gastric mucosa Water 
and the soluble ammo aads and glucose pass into the small veins of the 
villi and are carried first to the liter (Ch 30) Here the ammo acids may 
undergo cliemical changes or may pass unclianged into the general blood 
stream Of the glucose part passes through the liter into the general 
circulation but any excess that tlie hotly does not require at the moment 
is stored m the liter as glycogen (Ch 30) From time to time the glyco- 
gen IS changed again to glucose tthich is delitered into the blood stream 
to satisfy the needs of the body s cells for carbohydrate food 

The products of fat digestion — fatty acids and glycerol — enter the 
epithelial cells tthere they are recombined to form fine globules of fat 
that are then absorbed in part (CO percent) into the teins of the vdli 
and hence into the portal circulation and in part (40 percent) into the 
lacteals and deh\ered into the thoracic duct* If the mesentery of an 
animal is examined dunng the digestion of a meal of fat the lymph 
\essels can be seen as pearly strands because they axe filled with a milLy 
flu d consisting of a fine emulsion of fat This fluid as uell as tltat m the 
thoracic duct is called chyle 

The material in the small bonel is much more fluid than that in the 
colon for though water is absorbed from the small intestine large quan 
titles of d gestise juices and b le are secreted into us lumen Relatuely 
little fluid on the other hand is secreted into the large botvel but as 
just mentioned a largeioluraeof i aier is absorbed 

It should be po nted out that absorption from the intestine cannot 
be explained by simple physical la\ s it is the result of physiolog cal 
processes and as such requires the expenditure of energy by the lumg 
cells of the intestinal wall 

The movements of the intestines 

The smoll intestne Though ordinarily we are unaware of the fact 
the small intestine is in almost constant motion Contractions of tl e mus 

s Th s u the classical ihcory of fai absorption acconl ng to wh cl all (at ni s first 
be spl I into us const tuents before t can be absorbed Bui ccrta n bsen’at ons with 
recent ^cats ha e led to the bel ef d at onlj a part of the fact is treated in ih s s»ay 
and that a large propo on passes und anged in the form of m croscop c dfcplc 
through the iniest nal lin ng M nuic canals in Uie intcst nal cells ha e been desenoM 
through nh ch such particles could read Ijr pass. It may uell be that only tl s unsp 
fat passes into the lacicals. 
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cular walls are incessantly clianging the diameter of the tube mowng 
the food from place to place diuming it up and mixing it with the 
digestive juices There are three types of mo\eraent in the small intes 
tine (1) segmenting (2) pendular and (3) peristaltic. 

The segmenting mo\emcnts are simple constricting contractions that 
pinch the tube and its contents sharply several times a minute Their 
purpose IS to knead Uie food and thorouglily mix it with the intestinal 
juices They do not move raateml along the tube The pendular move* 
ments are also simple constricting bands of contraction but they travel 
a few inches up and down the intesitnil tube and churn the food back 
and forth The perislaltic wave is a contraction that may travel long dis 
tances along the intestinal wall It requires some special notice since this 
type of contraction rs found not only in the intestine but also in pracft 
cally all muscular tubes of the body — esophagus bile ducts etc. \\ e have 
already noticed it in the esophagus and in the stomach A band of con 
traction is seen to scire the whole arcumference of the tube with con 
siderable force The bowel may become blanched as a result of the 
compression of its blood vessels by ihe grip of the iniesiinal muscle The 
contracting nng normally travels downward — rarely if ever upward 
Progressing immediately in front of it is a circular band of completely 
relaxed muscle It is apparent that if the constricting band arises behind 
a mass of material and travels downward the tube m the region over 
which it passes will be cleared The relaxed or dilated region that pre* 
cedes the constriction must of coune by removing any resistance to the 
passage of the maienal aid us movement onward 

The forge infest ne The pnnapal movement in the colon is a pen 
staliic wave that occurs at iniervals of several hours and sweeps the intes 
tinal contents from the ascending colon through the transverse colon 
and into the descending and pelvic colons. This is referred to as tlie 
miW5 movement It is initialed reflexly most frequently by the entrance 
of food into the stomach This is called the gastrocolic reflex and is most 
likely to occur after breakfast Peristaltic waves at other times are infre- 
quent in the large bowel The cecum often shows reverse peristalsis 
that is waves that move toward iis blind end as well as occasional ones 
running toward the ascending colon This combination has a churning 
effect upon the contained fluids 

By the time they have readied the lower part of the descending 
colon and the pelvic colon the intestinal contents have from the absorp- 
tion of waiter a pasty consistency They are now calfcd feces This part 
of the intestinal tract serves as a storehouse for the feces awaiting evacua 
tion 

Evaaiation of the bowel or defecation is imtiatcd by a peristaltic 
contraction of the lower part of the colon lliai forces some feces into 
the rectum. This usually follows a mass movement that cames matcnal 
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into anti distends the pehic colon The entnnce of feces into the rectum, 
b) stretching its walls, stimulates ner\e endings therein and sets up the 
defecation reflex This consists of a strong peristaltic contraction of the 
rectum and pehic colon, accompanied relaxation of the anal sphmc 
ters The reflex is aided by voluntary contraction of the abdominal 
muscles while the diaphragm is held in position of nearly full inspiration 
The intra abdominal pressure >s thus raised and a compressing force 
exerted upon the loaded bot\el Normally, the rectum except during 
defecation is empty 

Bacterial digestion tn the large mtesiine Though no digestne en 
zymes are secreted by the glands of the large intestine, puirefactne bac 
teria in this part of the intestine break any ammo acids that base escaped 
absorption into simpler compounds man) of tvhich hate a strong odor 
and are highly toxic Among these compounds are, histamine (from his 
tidine) mdale and slatole (from tryptoplian) , and tyramine (from 
t)Tosine) Odorous gases, such as hydrogen sulfide (H^) , are also pro- 
ducetl from sulfur-containing ammo acids (C 5 stine and methionine) The 
odor of the feces is due mainl) to indole and skatole and to these gases, 
the color of the stools is caused b) the reducing action of bacteria on the 
bile pigment, this fecal pigment is called slcrcobihn As svell as these 
effects of bacterial action, the flora of the intestine perform an important 
function in nutntion They synihesue certain vitamins of the \atamm B 
complex, Mtamin C in some speaes (though not in man or the guinea 
pig) , and 1 itamin K in roan and several otlier speaes 

The reoction of the infeitmol contents The formotion ond nature of feces 
The reaction of the duodenal fluids is usuall) slightly acid but it depends 
upon the stage of gosinc digestion at uJitch a sample « laien, upon the 
degree of acidity of the gastnc contents, upon the quantity of alkaline 
juices, pancreatic juice, and mucus secreted into the duodenum, and 
upon the nature of the food It may be definitely alkaline. The contents 
of the remainder of the small intestine and of the entire large intesune 
hate a reaction a little on the aad side (a pH of about 6 8) . The feces 
are \ery faintly acid as a rule 

The feces are not simply and solely unabsorbed residues of the food, 
but are made up largely of materials excreted from the blood During 
startation for example, die bulk of the feces may not be greatly less 
than at ordinary times, and a loop of intestine isolated from the rest 
of the intestine becomes filled after a few days with a pasty mass mdis 
tmguishable in consistency and composition from ordinary feces except 
that, of course, being isolated from the rest of the intestinal tract, it con 
tains no bile and is therefore pale Bictena make up about 9 percent of 
the feces the other mam solid constituents arc food residues, iihidi vary 
considerably in amount vsith the proportion of indigestible material 
(cluefly cellulose) m the diet, and fats, nitrogenous substances and 
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minerals eliminated from the blood, together with epithelial cells and 
leucocytes shed from the intestinal mucosa Little if any digestible food 
appears in the feces In other ivords, practically all the protein, fat, and 
carbohydrate that is eaten is absorbed, the food residues of the feces 
consisting almost entirely of indigestible substances Vegetable material, 
since its frames^^ork is composed of cellulose, contributes more to the 
feces than do other foods This indigestible material or “roughage,’’ as 
It IS commonly termed, series a useful purpose in that it acts as a 
mechanical stimulus, increasing the motility as well as the secretions of 
the intestinal wall. 


Control of the movements of the stomach and intestines 

The movements of the alimenmry tract from the pharynx to the 
large bowel are carrietl on automatically. They are beyond the control 
of our wills and. in perfect health, beneath our consciousness Impulses 
are ceaselessly eraiehng from the stomach and intestine along a/Tcrent 
fibers to the spinal cord and brain Impulses arc discharged In turn along 
fibers of the autonomic nenous system to tlie musculature of the ali- 
mentary tract, svhidi controls Its movements 

The lagus nene carries exciior or motor Impulses— that is, impulses 
that increase the moiements — to the stomach, small intestine, and upper 
half or so of the colon These impulses arise in the medulla oblongata 
Motor impulses to the lower half of the large intestine are conieyeil 
from the lower part (sacraf region) of the spinal cord by ilie pelvic nene. 
Through it peristaltic srases are set up that empty Uie lower colon The 
sympathetic nenes carry impulses that depress or inhibit the moicmcnts 
of the stomach and of the entire intestinal tract. 

The natural excitants of the intesllnol movements The intestine is ex- 
cited to activity by the food within its lumen Some foods arc more stim- 
ulating than others to the sensory nenes in the bowel svall The intes- 
tinal muscle is most responsise to mechanical types of stimulus, especially 
stretching of the bowel wall by masses of undigested or scmi-<hgcstecl 
matcriaf, or the rubbing of food teskhtes against the mticasa: the re- 
Sponses of the bowel to such stimuli arc carried out through nene plex- 
uses in the intestinal wall. Solid particles in the food are particularly 
effcctiie in exciting the peristaltic was es Some foods, for instance, con- 
tain a large proportion of material that cannot be digesteil by the s-arious 
ferments. This material is left as a residue, which, accumulating within 
the intestine, excites it to contraction Green foods, which contain large 
amounts of the nondigesiible material cellulose, for this reason are ralu- 
able for maintaining regular mosements of the digesihe tract Fruits 
such ,15 grapes, raisins, and figs, since the seetls and skins are not digested, 
act in the same wtiy Other Fruits and vegetables contain certain chemical 
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materials that are stimulating to the bouel On the other hand, con 
centrated foods, such as cheese, eggs, meat, and bread, wJiich are almost 
completely absorbed, have a depressing effect upon the botvel movements 
Mill, since it contains a large proportion of calcium, tends to depress the 
movements. Sluggishness of the intestinal tract, particularly of the large 
intestine, resulting in infrequent evacuations, is called comlipalion. 

Constipation is caused roost commonly by bad habits. As mentioned 
above, the desire to empty the bowel is aroused by the passage of feces 
into the rectum and the stimulation of afferent nene endings in the 
intestinal wall The act can, however, bevoluntarily restrained, and when 
this IS practiced, the tone of the rectal wall is reduced, and the rectum 
thus accommodates its capacity to the bull of the feces (postural tone, 
Ch 24) ; the afferent nerve endings are no longer adequately stimulated, 
or at any rate, are unresponsive, and the desire to defecate passes As a 
result of the absorption of v^’ater the retained feces become dry and hard 
MTien the habit of postponing defecation in this way is persisted in. the 
rectum, which normally is empty, contains feces most of the time; it 
becomes permanently less sensitive to distention, and its muscle, as well 
as (hat of the pelv-ic colon, loses tone It is well known that the reflex 
mechanisms governing the emptving of the bowel are amenable to 
“training" A type of condition^ reflex becomes established, Wien the 
habit of emptying the bowels at a certain hour each day is practiced for 
a while, the desire to do so tends to recur regularly at this time. 

Other causes of constipation are (a) a diet that leaves too little un 
absorbed residue or one that contains too little fluid— the contents of 
the laige intestine are, therefore, of small bull and fail to furnish a 
sufficiently strong stimulus (stretching of the intestinal wall) to set up 
vigorous peristaltic contractions, (b) colon that absorbs too readily 
and thus causes undue drying of the feces, and (c) hypertonic state of 
the muscle of the colon — spastic constipation — the transverse and de- 
scending colons are the seat of a strong tonic contraction that impedes 
the progress of the feces 

We hear a great deal these days of ill healtli resulting supposedly 
from the accumulation of poisonous substances vtfithm the intestines 
We are told to keep the digestive tract dean by irrigation, “internal 
flushings,” etc, in order that these substances shall not be absorbed This 
advice usually CTnanates either from ignorant but well meaning persons 
obsessed by a theory of the way to health, or from patent medicine manu 
facturers eager to promote the sale of their products. The lower inies 
tinal tract is normally swarming with bacteria, and powerful poisons are 
always present. It is the cesspool of the body, and there is no use in 
denying the fact. It is designed to be a refuse pit and is quite capable 
of taking care of the poisons that are formed within it. Experimental 
work of recent years goes to show that we need no longer be friglnened 
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by the bogy of intestinal intoxication The toxic products do not reach 
tlie general circulation for they are detoxicated (combined uith sulfuric 
and gljcuronic acids to form innocuous compounds) in the liver In the 
naiiinl way evaantion of the bowel once or twice a da) is quite sufii 
cieni to leep the body healthy and fit The discomfort headache and 
other unpleasant s)mptoms of constipation are well known Yet even 
these are due not to the absorption of poisons from the intestinal tract 
but to quite i different cause — namely the mechanical effect of the over 
loaded bowel upon the intestinal nerves and the reflex effects brought 
about through these nen es and the centnl nen ous s) stem 

Substances that cause evacuat on of the bowels laxatives cathart cs and 
purgot ves * The manifold drugs and other substances emp]o)ed lo stimu 
late the intestinal movements and cause evacuation of the bowels do not 
bring about their effect all ificr the same fashion Some such as Epsom 
salts (magnesium sulfite) being noi absorbable cause a flow of water 
into the smaff intestine through their osmotic effect which by increasing 
the bulk of the intestinal contents causes distention and consequent 
stretching of the bowel wall this we have seen above acts as a powerful 
stimulus to peristalsis Other cathartics such as castor ott contain an 
irritant principle that serves to excite intestinal motilit) Croton oil is an 
especially powerful irritant that in very small dosage causes profuse 
purgation and in larger amounts may induce acute inflammation of the 
intestinal mucosa Undigested material of an) sort within the bowel for 
example the shins of fresh fruit the cethitosr of raw vegetables whole 
wheat and bran all sene as already pomtei! out as intestinal excitants 
by increasing the bulk of the feces and consequent!) the stretch of the 
bowel wall Agar (a gelatinous material prepared from seaweed) and 
paraffin oil which are not absorbed in significant amounts act similarly 
There are a host of other laxatives and cathartics many of them used 
from time immemorial of which little is known dcRnitely concerning 
their mode of action Vitamin B and other factors of the B complex 
tend to increase the tone of ihe intestinal musculature and thus favor 
natural movements of evacuation 

Reliance upon medicines to ensure regular bond moxements should 
be avoided for the intestinal musculature tends to become tolerant to 
their use and requires a gradual increase m dosage Hygienic measures 
diet exercise and habit should be depended upon whenever possible 
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Metabolism 


GENERAL PRINCIPLES 

Meiaboijsm is a general term employed to embrace all the 
chemical processes carried on wiihm the cells of the bod) (Ch 2) Chief 
among these processes is the oxidation (combustion) of the food mate- 
rials %\iih the production of energ) The body bears a resemblance to a 
furnace or a gasoline engine but whereas the furnace oxidircs the caibon 
'ind hydrogen of coal or wootl and the engine the carbon and hydrogen 
nf gasoline the body obtains these elements from the food and from 
their burning or oxidation derises mechanical energy and heat Oxi 
elation of the carbon of the foo<l protUiccs carbon dioxide (CO ) naicr 
(H O) is formed by tlic oxidation of the hydrogen Heat is a form of 
energy and all other forms — meclnmcal electrical cliemical ett— can 
be reduced to heat Dy measuring the heal produced b\ n fuel tslien it is 
completely burned the total amount of energy tliat the fuel connmctl 
can be ascertained ^\c can therefore express food energy in terms of 
heat The body $ total licit production is called genera/ metnbnhsm 
The Calorie Fluid is measured by the (|inrt or by some smaller or 
larger measure of the English system or in cubic millimeters cubic centi 
meters or liters of the metric system length is measured in iiiclics feet 
etc or m millimeters centimeicrs etc and \%cight in sucli units is 
ounces and pounds or grams and kilograms So loo s%c must Inve some 
unit for the measurement of a quantity of licit 1 he lieat mcisurc is 
called the Calone (L color licit) In physiological licit measurements 
a Calorie is the quantity of heal required to ruse the lempenture of 
1 kg (about 2 pounds or a quart) of \Mtcr I centignde degree.* 

> From 15* lo 16* C It Is imp* mm that tic terms lent ai 1 temifrature sfouM 
irol lie a nfosed The sense « f I ucfi lells »S t f 3 ly <1 IT« i nrc 1 1 Irmpemture— whefficr 
an I bject is hot or o 1 1 s hell cr lu ten petal ire is I rIi « t Vn* Heat is a quaniiiT 
a I ihe sense of touch will i ot mfonn us uf how much I rat an) lulisia re a nta s. 
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Wien I gram of sugar or starch (carbohjdraie) is burned outside 
ibe bod), about 4 Cafories are proiluced One gram of fai when burneil 
in the same nay generates approximarely 9 Calories When these sub 
stances are used for food and burned by the cells of the bod), each 
produces the same t^uantit) of heat as nhcn an cquiralent amount is 
burned outside the body So ne speak of one or another sample of food 
basing a certain heal or caloric value — certain fuel salue — meaning 
by this that it is capable of furnishing so mticli heat or energy to tlie 
body On the oUier Innd only a proportion of protein foot! is burned 
nithm tlie body, a part (the nitrogen-coniaming portion) is incom 
bustible Protein can be completely burned outside the body, hence it 
must furnish more heat in the latter instance than svhen used as food 
A gram of pure protein furnishes only 4 Calories in the body as igainst 
5 3 Calories outside A list of some of the commoner foods svith their 
composition and appro'cimaie number of Calones per pound is given in 
Table 28 1 


TAfilE 28 I 


Food 

Composilion, in percent 

Colenes 

per 

pound 

Frofein 

fat 

Carbo 

hydrofe 

Wofer 
ond soils 

Beef (lean) 

20 

12 


68 

886 

Pork 1 

17 1 

30 1 


53 

1500 

Eggs 1 

13 

71 


76 

755 

Butter 

1 

85 


14 

3500 

Cheese ' 

30 

38 


32 

2000 

Milk 

3 

4 

5 

8S 

314 

Sugar 



100 


1790 

Bread 

1 9 

2 

53 

36 

i 1200 

Potatoes 

2 


18 

80 

350 

Apples 

04 

05 

11 

86 

200 

Oranges 

08 


12 

87 

175 

Lettuce 

1 


3 

96 

87 

Tomatoes 

7 


4 

95 

100 


for the rjiunmy of heat hclil by any matcnal depends upon Ihe mass of the tnaleiial 
as svcll as upon tu umpcralure Thus a gall H of staler may have a lower icmpcralurc 
than a single drop but the ifiMn/itye of heat liefcl by the galfon may be ifnmensejy 
greater 

The phydolopcal or large Calone w a ihoutaml limes greaier lhaii ihc smaH calnrfe 
employi-d in physcal heal mcasutetnents vfl ich is tie qiiamiiy of heat rcquirnl to 
raise the teiiiiKrauirc of I gram il svater I centigrade dtgice In order m dmiiiguWi 
It from (he sinaH cal rie ihi large Catcmc Is nriiien with rf eaf iial i r h> C. aJoiir 
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The average man, during the course of the day, generates about 
SOOO Calones This quantity of heat is sufficient to raise nearly 10 gal 
Ions of Hater to the boiling point In order, then, to maintain this lesel 
of metabolism, the diet of the average healthy man should base an energy 
value of about 5000 Calories (See also pp 402,424) 

Heat production under different physiological conditions Seseral con 
ditions influence the quaniitj of heat produced by the body Obsiously 
more energy is expended and more heat produced when Hork is done 
than during rest The heat production may be increased 10 or even 20 
times during strenuous muscular exercise The temperature of the air is 
another important factor In cold weather out of doors the body produces 
more heat than on a warm day in summer The body lends to cool more 
quickl) on a cold day — that is it loses more heat therefore, in order to 
maintain the bodj temperature at the normal letel, more fuel must be 
burned and more heat produced by the tissues During sleep the metabo- 
lism IS reduced below the waking le\el The ingestion of food, cspeoally 
protein, auses an increase in metabolism above that during fasting 

BASAt META80USM AND ITS MEASUREMENT 

There are two mam methods of measuring the body’s heat produc 
iJon — the direct and the indirect In the direct method the subject oceii 
ptes a chamber the sue of a small room called a ca^onmeitt Through 
pipes in the walls and ceiling water at a known temperature is circu 
lated, which absorbs the heat given off from tlie bodj The chamber is 
perfectly insulated so that no heat can escape or enter At the end of the 
experiment the quantity of water that has arculaied through the pipes 
is calculated, and its temperature is ascertained by means of delicate 
thennometers The number of Calories produced can then be calculated 
For example, if the quantity of water is 40 kg and its temperature rise 
during one hour is 2® C then (!0 x 2 = ) 80 Calories of heat have been 
produced in the subject’s body The determination of the heat produc 
tion in this way is quite simple in prmaple, but it involves a number 
of additional factors and is very difficult in practice This method of 
direct calorimetry, as it is called, also requires extremel) expensive 
apparatus and is employed only in large institutions 

Indirect calorimetry requires no very expensive equipment It is 
based upon the following principles The combustion of any food mate- 
rial involves the consumption of oxygen and the formation of carbon 
dioxide Furthermore, v\hcn a given type of food is oxidued m the body, 
the quaniitv of oxvgcn used (and ol carbon dioxide produced) is always 
the same for equal amounts of that partioilar foodstuff These quantities 
are dcfinaely known for the three different types of food It is knowm, 
for example, that, when I gram of fat is burned, 2 liters of oxygen are 
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The average man during the course of the day generates about 
3000 Calories This quantity of heat is sufficient to raise nearly 10 gal 
Ions of uater to the boiling point In order then to maintain this level 
of metabohsm the diet of the average healthy man should have an energy 
value of about 3000 Calones (See also pp 402 421) 

Heot product on under d fferent physologcal condtions Several con 
ditions influence the quantity of heat produced by the body Obviously 
more energy ts expended and more heat produced when work is done 
than during rest The heat production may be increased 10 or even 20 
times dunng strenuous muscular exercise The temperature of the nir is 
another important factor In cold wcither out of doors the body produces 
more heat than on a warm day in summer The body tends to cool more 
quick!) on a cold day — that is it loses more heat therefore in order to 
maintain the body tempenture at the normal level move fuel must be 
burned and more heat produced by the tissues During sleep the metabo- 
lism is reduced below the waking level The ingestion of food espeaally 
protein causes an inaease m metabolism above that during fasting 


BASAL METABOLISM AND ITS MEASUREMENT 

There are two mam methods of measuring the bodys heat produc 
tion— the direct and the indirect In the direct metliocl the subject occu 
pies a chamber the sue of a small room called a calorimeter Through 
pipes m the walls and ceding water at a known lemperature is circu 
lated vvh ch absorbs the heat given off from the body The chamber is 
perlectly insulated so that no heat can escape or enter At the end of the 
experiment the quantity of water that has cirailated through the pipes 
is calculated and its temperature is ascertained b) means of delicate 
thermometers The number of Calories produced can then be calculated 
For example if ihe qunntity of water is 40 kg and its temperature rise 
during one hour is 2® C then (40 X 2 =) 80 Calories of heat have been 
produced m the subjects body The determination of the heat produc 
non in this way is quite simple in prinaple but it involves a number 
of additional factors and is very difficult in practice This method of 
direct calorimetry as it is called also requires extremely expensive 
apparatus and is employed only m large institutions 

Indirect cahrmelTy requires no very expensive equipment It is 
based upon the following prinaples The combustion of any food mate- 
rial involves the consumption of oxygen and the formation of carbon 
dioxide Furthermore when a given type of food is oxidized in the body 
the quantity of oxygen used (and of carbon dioxide produced) is always 
the same for equal amounts of that particular fooilstuff These quantities 
are definitely known for the three different types of food It is known 
for example that when 1 gram of fat is burned 2 liters of oxygen are 
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consumed "We liave already seen that this gram o£ fat produces at the 
same time 9 Calories of heat Therefore, if one knows the quantitj of 
oxjgen that the bod) uses in a gi\en time, and the t)pe of food (fat, 
carboh)drate, or jirotem) that was being oxidired during that time, one 
could ascertain tlie quantit) of foodstuil biirnctl The number of Calories 
lint this amount of fuel produced could then be easil) calculaictl In 
short, the consumption of a certain quantit) of oxygen b) the bod) when 
It bums a giten food or mixture of foods always corresponds to the pro- 
duction of a certain (juintiiy of heat ‘ 

Since the mIuc of the heat production in different persons must be 
capable of being compared, some standard set of conditions must be fol 
lowed in making the measurements Othenvise it would be impossible to 
tell whether a person’s heat production were greater or less than it should 
be During muscular effort, for example, or after a meal, a person would 
produce more heal than at rest or on an empty stomach On this account, 
measurements of the heat production are made ssitli the patient lying 
dowm’ and several hours after a meal (without bicakfast sliorily afiei 
arising m the morning) and at a room lemjierature of about 20° C The 
value of the heat production under these specifieil conditions is called the 
basal tnelabolic rale (B\fR) 

Determination of the heat production from the oxygen consumption The 
oxygen consumption of any person can be ascertained by a variety of 
methods The Betiedtcl Roth apfiaraltts (Fig 28 1) or some modification 
of It IS most frequently used The instrument consists mainly of a bell 
type spirometer, two wide bored tubes (inspiratory and expiratory) , and 

< Since a g:ivcn quantity o( carbohydntc fat or ptoirm v>hen il iindcrjtnrs rombus' 
lion uses a known volume- of ux^gc-ii and pnxliircs a knoun volume of carlxm dioxide 
the l>pc of food being oxiduod b) the bmi) can be asccrlaineti from tlir ratio of Uie 
volumes of these gases consumed and produced respectively Tins ratio is called the 
r«pira/ory i}uolifnl or, bneOy the RQ Thus 

\olumc carbon dioxide proilucrd (expired) 

Volume oxygen consumed (inspired and retained) ^ 

Wlicn 100 grams of carbohvdme are oxidim] 73 liters of oxygen are consumetl and 
the same volume c f carbon dioxnte » pivduccxl The TcsjviraioTy quotient is llierrfore, 
(T M.J =) ] 00 When tOO grams of fat arc oxiducd, 1^2 liters of carbon dioxide are 
prodiiftxt and 200 Iilers of oxvgtn usexi The respiratory quotient is (l*-i,no =) 

Tlie respiratory quotient of protein Is 080 tor mixtures of the lluce tyjx-s of fo<xJ the 
rrspiratorv quotient vnll lie anywhere beivveen ihc t»%o extremes depending u[x>n the 
proportions of each in the nnxiiire On an ordinarv niixn! diet it is amiind 0ii3 The 
heat equivalent of oxygen at dilTcrcnt respiratory quotients is obtained from a table 
Except for very pncisc experimental work the re^iratory quotient is not dcterminixl 
in measuring the mctaltobsm of any individual subject After several hours of fasting, 
when the measurements are made the body uses Its fuel reserves and such a fixxl mix 
lure gives a respirators quotient of 0 62 The licai equivalent of oxygen at this RQ 
u 4J>25 Calom-s This figure is therefore used in the calcubtions That Is, every iiicr 
of oxygen consumed at an assumed RQ of 0,62 cnrrespomls to a heal pnxluction of 
4,S2 j Calonei. 

» He should be lying quietly for at least 30 minutes before the ineasutemeni is taken 
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a mouthpiece The spirometer itself is a cylintlrical sessel with tuo walls 
separated by a narrow space and an inserted single svalled \essel, or 
* bell ” The wall of this second sessel fits between the walls of the first 
and IS counterpoised by means of a sseiglit and pulley as shown in the 
figure ^Vaier fills the annular spice between the walls of the first \essel 
and acts as a seal Before the obsenaiion is started, oxygen is run into 
the bell until the pointer is raised to the zero mark on the graduated 
scale covenng the rotating drum 

A dip closes the patient's nostrils svliilc he breathes tjuicti) into the 
apparatus through the mouthpiece 
and tubing The carbon dioxide is 
absorbed from his expired air by 
sosla lime The heat production is 
arriseil at from the oxjgen con 
sumption alone The bell falls as 
the volume of ox)gen is reduced, 
the quantity consumed bj the pa 
tient IS calculated from the de 
scending curve dnwn by the writ 
ing point on the graduated scale 
Heot prodoefion end svrhce 
area The heat loss of the body, 
as of any other hot object, is re 
laietl to Its surface— the greater 
the surface the more rapid the 
heat loss The more heat is lost 
from the animal body, the greater, 
auiomaiicallj, becomes tlie heat 
production In brief, then the 
body of a person with a large sur* 
face area produces more heat than 
one vMth a smaller area * Since the 
Fig 28 1 D ogrem of the Benedict Roth surface areas of different jiersons 
opporofus wed for the determinolion of \ary considerably, it is not custom 
the bosol metobolic rote from the oxygen express the metibolic rate 

cowumpfion ^ many Calories per person 

*0( two objects hating approximaicly ihe ame chape but dilTcnng considerabl) in 
size the smaller one will hate a greater surface area in proporiion to ns mass than the 
larger one and because the heat loss is proportional to ilie surface area a small animal 
such as a mouse loses much more hcii for lU Size than a larger one such as a dog 
The heat producuon of the mouse that is iM metabolism in proportion to its weight 
must be correspondingly greater in order that heat loss and heat production shall bal 
ance (Of course Ihe total heat production of the dog will be enormously greater than 
that of Ihe mouse) It will be found howeser lhat if the heat production is calculated 
in relation to surface area il will be about the same (per square mctci) for both am 
tnals This is true for all mammaban spcocs 
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OXYGEN CONSUMPTION UNDER STANDARD CONDITIONS UN LITERS) AND THE HEAT 
PRODUCTION (IN CALORIES PER SQUARE METER OF BODY SURFACE) PER HOUR 
FOR VARIOUS AGE GROUPS 


Ages 

Mofe j 

Oj Cofones | 

Femofe 

Oj Co/ones 

14 15 

9 53 

45 9 

8 91 

42 9 

16 17 

8 91 

42 9 

1 8 29 

39 9 

18 19 

8 50 

409 

1 7 88 

37 9 

20 29 

819 

39 4 

1 7 67 

36 9 

30 39 

8 19 

394 

1 7 57 

36 4 

40 49 

7 98 

38 4 

7 46 

35 9 

50 59 

777 

37 4 

! 7 25 

34 9 

60 69 

757 

364 

1 7 05 

33 9 

70 79 

7 36 

354 

' 6 94 

32 9 


Vote (he frsdual <1 miauMon in heat {inKLuctioo t\i(h a Iiannng jean 

per Jiour or eten as so many Calories per pound of person per hour 
Instead a square meter of body surface is used as the standarcl unit for 
comparison The surface area of a person can be cifcuIatecJ from his 
heigiit and sseight That for a man of asengc sue is 1 8 square meters 
The normal metabolic race of an adult man is about 40 Calories per 



Fg 28 2 Du Bo s chart for obtain ng the surface area of the body In square 
meters (os fnd eofed fay the sfortl ng I nes) from a sufa[ect s he ghi end we ght 
For example o person 170 cent meiera {approximately 5 feel 8 Inches) loll and 
we gh ng 70 fc fograms (154 poondt) tes a ivrfaee area of I 8 square meten 




398 * Mefabo/»sm and Nutrition 

square meter per hour In )oung persons it is greater than this and in 
older persons it is less Tlie rate is also less in females than in males of 
the same age (see Table 28 2 and Fig 2S ^ 

Variations in the basal metabolic rate from the norma! If the basal 
metabolic rate is tlie same as that in a large number of people of the 
same race age, and sex the figure is said to be normal If hosveser, tlie 
rate is less than that of the aserage for normal people the nte is said 
to be losvered Oxeractiviij of the thyroid gland (hjperth)roidism Ch 
S9) causes a great increase in the basal metabolic rate, sihereas decrease 
in the actnit) of ilic th)Toid gland (li)'pothjroidism) results in a loiser 
rate. It is raised in feser The basal metabolic rate has been determined 
in sirtualh all diseased conditions and the determination of this salue 
IS of great assistance to the ph)siaan in making a diagnosis or in follosv 
ing the progress of his patient. 



29 

Tfie Regulation of 
the Body Temperature 


The temperature of the human body is about 98 4° F 
It \anes shglul) abo^e or below this level m different persons but re 
matns practically uncliangetl from <la> to day or week to week in the sime 
person provided that it is taken at about the same hour ol the day The 
temperature m the a'tilla is about a degree lower than the mouth tern 
peraiure and the rectal temf)eraiure about a degree higher Even tn 
health the body temperature does not 
remain at a constant level throughout 
the twenty (out hours but w from 1° 
to 2° F lower in the early morning than 
in the late afternoon The normal body 
temperature of infants and young cliil 
dren is somewhat higher and much less 
stable than that ol adults (ending to 
nse from trivial causes and to a higher 
level in infections 

TJie body temperature represents 
the balance struck bciv%ecn the heat 
generated by the active tissues mainly 
the muscles and liver and ihil lost from 
the body to the environment It is re 
markablt how steady the biwly tempera 
lure remains under widely varying con 
duions Little cliangc in boily tempera 
ture occurs though the air temperature rises to 100° F or falls below 
zero nor docs the extra heat produced during light work occasion a rise 
in icinyierature Strenuous muscular exercise may, however, cause a tern 
porary rise in lempcraiiirc of from to 4° F 



Fig 29 1 Vor al on In body lenv- 
peroturo of d ITerenf tyP^v of onl> 
mob by exposure for 2 hours In 
orj env ronment mmg from 5* to 
35* C fAfler Morf nj 
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Animals iudi as mammaJs and binJs (warm blooded animals) ssfuch 
can maintain a constant body temperature against s in itions m tlie tern 
{wnture of their eniironment are called hamcotheimic Those species 
for example, fish, frogs and reptiles (cold blooded animals) , tint are 
umbJe to regulate their bodj temperature are cilleil potktlolhermtc 
Their bod) temperature is that of the environment (see Fig 29 I) 

Heat balonce It is obvious ihit the quantit) of heat prodiiccil in 
the body (Ch 28) must just balance the quantity lost to the environ 
ment If the body protlucetl more heat than it gave off, the retained heat 
would cause a rise in temperature, if it lost more than it generated, its 
tempenture would fall The average dad) lievt production — that is the 
menbolism — of a man following a light occupation is around 3000 Calo- 
ries This quanta) of heat is dissipated in die wa)s described in the fol 
lowing section 


PHYSICAL PACTORS IN TEMPERATURE CONTROL 

Of the total heat Inst from the bod>, about 95 percent is eliminated 
through radiation and convection and the evaporation of water from the 
lungs and skin The remaining 5 percent or so is lost m the urine and 
feces and in raising the inspired air to bod) temperature 

Radation and convection* Through these two phjsical processes the 
bod) like an) other warm object, loses heat to the cooler air surrounding 
It and to an) cooler objects in contact vvitb it or in us immediate neigli 
borhood The heat lost m this vva) can be increased or diminished 
through variations in tlie quanta) of blood flowing through the skm 
On a hot day, for example the vessels of the skm dilate, more blood Is 
therefore brought from the deejaer parts of the bod) to ilic surface, and 
heat loss IS accordingly increased In cool weather the vessels of the skin 
constrict and a greater jirojKiriion of the total blood volume n dis 
tributetl to the internal structures heat loss is thereb) reduced When 
the cold is extreme, the cutaneous vessels of covered parts of ilie body, 
such as the trunks and limbs, are constnctevl but in tlie skin of the ears 
nose cheeks etc, anastomosing vessels existing betv\een the arterioles 
on the one hand and small veins on the other, dilate to jiermit a free 
flow of warm blood from deeper parts to the skm of the exposed regions, 
thus iheir temperature is prevented from falling too low The anasto- 
mosing vessels he beneath the subjajiiUar) venous plexus, from vvliich 
the) divert a considerable proportion of the swiftl) flowing blood (Fig 
29 2) The skm is kept warm more cficctivel) m this way Thus the skin 
mi) appear pale or even of a bluish tint thougli quite warm, for it is the 

' Ordinanf) Uic toss of heal from ihc (loiljr bjr contfartion u ntghgiWc Air « a »erf 
poor comlutt >r anil imtcss a person u in ctniuci wiih coUl ground or imtnerseil In 
water below body temperature he does noi lose much heal ilirougii conduction. 
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Fig 29 2 Diagram to Illiittrote how the btood Is corned through the vessels 
of the skin, which cortstitute the body's heat rodioting system 


amount of blood floujng ibroogli the \cnous plexus and not iJjat tn the 
deeper cutaneous %essels that gues the skin its color (see Cli 32) 

Another important factor is the \artaiion in blood tolnme that r^ 
suits from changes m entironmeniil temperature The blood \olumc is 
inffcased by a rise m environmental temperature, the great volume being 
the result of the passage of tissue fluid into the circulation Obviouslj, a 
greater quantity of heat wtU be absorbed from deeper structures and dis 
sjpated from the dihied vessels of the skin 

Evaporation of water from the lungs and skin The IiiCiU heat of 
evaporation of water is about 06 Calorie*— that is, this quuuuy of heat 
IS absorbed in the vaporization of 1 cubic centimeter (cc) of water Under 
ordinar) aimosplicnc conditions about 550 cc of water are V’aponrcd from 
the lungs daily, and about 550 cc from the skin This rcpiesenis a heat 
loss of about (900X 06=) 5 10 Calorics 

But It should be understood that the ev ijxiraunn of water from the 
surface of the bo<i) occurs constantly in the .ibsence of an) visible sweat 
ing, even though the sweat glands are quite inactive or, as in some rare 
instances, when (he) are eniirely lacking I ike an) other moist mass the 
body IS coniinuall) losing weight by cvajioration The water ‘ seeps (dif 
fuses) into the skin from the iinderl)ing tissues and is vaporized from 
the surface This water loss together with that from the lungs was first 
observetl and studieil b) an Itahin physicnn, Sintono Saniorio (1561 
1636) , upon himself and called by him insensible pcrsfination The quan 
tity of body water lost from the skin surface as visible sweat and as 
insensible perspiration varies wiih the degree to which the atmosphere 
IS saturated with moisture, tint is, with the relative humidity If this is 
very high, a large jiart of the sweat may simply dnp from the skin, and 
siicli unevaporattd sweat exerts no cooling effect The relative humidity 
IS, therefore, of great importance with respect to our comfort on a hot 
day Heat loss by both convection and evaporation is incrc-ised by wind 
* 1 iir laiini hc3l o( llip cvaptiraticm nt twrai is 0 <0 Cjlotip 
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It IS dear that svhen the environmental tcniperaiure is higher tiiaii 
that of the body heal cannot be dissipated by radiation coinection or 
conduction the body tsould gain rather than lose heat t\ere it entirely 
dependent upon these processes At sudi temperatures e\-aporation of 
water from the slin and Jungs plays the leading role in the regulation 
of body temperature The sueai glands are stimulated and visible sncai 
ing appears when a rise of from 0 5® to 1® F in blood temperature occurs 
The rise in blood temperature may result from an increase in the icm 
perature of the environment or from increased heat production as in 
muscular exercise 

The elTect upon the sv%eat glands is brouglu about through a center 
in die brain from whidt they receive impulses through ilie sympathetic 
nerves A rise in temperature of the blood supplying tlie center is the 
most potent factor in causing the secretion of sweat Tins is shown by 
the fact that healing the carotid artery in the cat causes sweat secretion 
from the toe pads thougli the paws themselves arc kept cool Sweating 
may also be induced reftexly — that is from the stimulation of aflercni 
nerves in tlie j>€ripheral tissues skin muscles etc 

In dogs and cats functional sv^eat glands are absent from the body 
surface being confined to the skin ot the pads of the paws In these am 
mals rapid breathing (panting) and m consctjuence increased vaporin 
tion of water from the lungs is relietl ujion to incicase heat loss at high 
temperatures 

Summary The quantities of heat lost duly in each of the sevcnl 
waysare given (in round numbers) in the following table 

Calonft 


(a) Radiation and convert on 1) 0 

(b) Evaporation of water frocn the skin 5 0 

(c) Evaporation of water from the lungs 3 j0 

(d) ^Vanning inspired air to body temperature Of) 

(e) Unne and feces (i e heal of these excreta over il at of tl c food) fO 

Total dally heat loss 3000 


Vanations in the quantity of heat lost through tliesc pliysical factors 
are capable under ordinary arcumstanccs of maintaining the body tcin 
perature at the normal level but at very high environmental tempera 
lures or when as in strenuous muscular elfori heat production is very 
greatly increased tJie mecJianisros of temperature control may be inade- 
quate the body temperature then nses 

CHEMICAL FAaORS IN TEMPERATURE CONTROl 
At low environmental temperatures tbe pliysical mechanisms alone 
are incapable of reducing heal loss sufltcieinly to prevent a fall in body 
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temperature. Chemical regulation then comes into play, tint is heat 
proilucuon increases T he body's fires, so to speaV, are fanned The point 
in the temperature scale where physical factors are aided fay cliemicil 
means m tlie control ot body temperature is called the critical tempera 
ture It sancs of course with the nature, and thickness of the clothing 
but for the naked human body it is around 28° C (82° F) Cold there 
fore acts as a powerful stimulus to metabolism The gieiter heat produc 
uon in resi>on$e to cohl is brought about mainly by increaseil tone and, 
in some instances by insolunnry contncttons of the skeletal muscles 
(shisenng) and the smooth muscle of the skin (goosetlesh) A jierson 
when cold usually indulges also, in some form of muscular activity — 
walking, swinging Jus arms or stamping his feet — which \ery materially 
increases his heat production (sec Fig 29 3) 

At temperatures between 28° and 30° C the body (naked) is able 
to establish a balance between heat production and heat elimination 
without calling accessory meclianisms into play — sweating on the one 
hand and muscular contraction (shuering or aoluntary muscular raose 
merits) on the other-^nd one therefore feels quite corafortaWe This 
temperature range, or correspondingly lower temperatures for the clothetl 
body, IS for this reason called the comfort zone 

In cold climates protein food, owing to its specific stimulating effect 
upon metabolism (Ch 31, footnote 1), gt\es ^ahlab]e assistance to the 
diemtcal mechanism ot temperature control On the other hand a high 
protein diet is unsuitable in hot weather, since the greater heat produc* 



Fig 29 3 Showing ihe of exlonvel lempsiolut* upon metob 
ot sm (Rtdrawn from Mari n allot Gosdor from obterialiont upon 
hrmtolfJ 
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iton u imluces throws nn addition’ll burden upon the medianisms respon 
sible for heat dissipatJon 


HEAT CONTROLLING CENTERS 

The mam center for t!»e control of body temperature is smntctl in 
the fore part of the hypothalamus — tint region at the base of the bnm 
near the ongin of the pituitary stalfc (Ch 37) Isohiion of this region 
by section of the brain stem or upper spinal cord renders an animal 
poikilothermic — that is incapable of maintaining the height of us tern 
perature independently of the temperature of us cnsironrocnt TTiis 
operation also paralyzes the skeletal muscles the power to increase heat 
production is tlierefore largely lost Stimulation of the center causes a 
rise in temperature Tlie center everts rts in/luence upon body fcfn[ era 
ture through the autonomic nervous system causing vasoconsiriciton or 
vasodilatation sweating contraction of smootlt muscle in the skin (shiv 
ering) and the liberation of adrenaline from the adrenal medulla i h cli 
as mentioned below stimulates heat production 

These eflecis upon the sweat glands vessels and the adrenal gland 
are largely reflex in nature the center being influenced by allerent im 
pulses inmaied in the temperature receptors of the skin But such effects 
are also induced as already mentioned by a rise in the temperature of 
the blood supplying this region of the brain 

The endocr ries and heat regulot on The secretions of b iih the thyroid 
and adrenal glands stimulate heat production This efFcct known as the 
calortgenic action of these hormones enables an animal to withstand a 
greater degree of cold than is |>ossible for one that has been deprivetl of 
either or both of tfiesc entfocrines the temperature of such ariimals 
IS usually subnormal Prolonged exposure to cold (over a period of 
vNCeks) causes an overproduction of the thyroid hormone or at any 
rate the thyroid glands of rats who have been so treatetl show pro- 
nounced indications of increased activity and a nse m heat prothiction 
The latter effect does not appear in tliyroidcctomized animals similarly 
treated 

The liypcrsensitiviiv of hypoihymul patients to cold and of liyi>cr 
thyroid patients to a warm environment are v^eIl known 

Fever or pyrex a A rise in body icm|>criiure above the norma! level 
unless of a temporary nature as in strenuous exercise or as a result of 
exposure to a high air temperature is called fever or pyrexia The high 
est body temperature compatible with life is between 1 1 1® and 112° F 
The nse in temperature is due primarily to an iin/airmcnf of He 
mcchantsms for heat eUmtnaUon for example increased blood volume 
vasodilatation and sv eat secretion and not to increased heat prcxluc 
non At the commencement of a fever tor example the skin is pale and 
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dr) the metibolism is not incrcnseil Heat elimimtion is reduced heat 
IS therefore retained m the bwl) and the temperature rises Hiving 
reached a certain height the temperature remains fairly steady for now 
heit elimination keeps pace iviih heii production a balance is struck 
but It 1 higher level than m heilth Though as just mentioned in 
creised heat production is not responsible for the otjset of the fever the 
higher tempeniure induced through heit retention causes in turn 
greater heat production for the heal generated in the bodv is the result 
of chcmicil reactions mainly oxidative m nature and like chemical 
reactions in general the) are accelerated by a rise m leinpenturc \!so 
as described below if a chill occurs heat production is increased rcflexl) 
In acute infectious diseases and in bactern! infections generally tlie 
acconipan>ing fever is due to an action of tlie bacterial tnxiii iijion the 
heat regulating centers for m animals whose brain has been cut across 
below the centers the injection of a toxin whicli in a normal animal 
would cause a sliarp rise in temperature docs not cause fever In some 
instances the bacterial toxin may act directly upon the heat regulating 
centers but probably its action is as a rule an tmlircct one the first 
effect being to produce in the tissues dictmeal changes that alter the 
osmotic pressure of the tissue fluids causing the VN'nhdravNrd of water 
from the vascular s)stem and as a consequence a reduction m the dis 
sipatinn of heat b) radiation The rcducctl blood volume also causes the 
drainage of warm blood from the skin and as would a cold bath stimu 
laies cold receptors A response from the heal centers is evoked leading 
to a great increase in heat jirovluction caused by mvoUintarv contractions 
of muscles— that is to sintering and shaking One of the first s>mptoms 
at the onset of an acute infectious fever is often a feeling of intense cold 
frequently with shivering shaking of the limbs and chattering of tlie 
teeth The temperature taken in the mouth at tins time of the chill is 
found to be high though tlie skin may feel cold even to the hand of 
another person The patient s lips and nose appear pinched pale or even 
bluish The mecinnism of a chill and the subsequent increase in heat 
production by shivering etc may be compared for the sake of illus 
tration to that controlling the temperature of a room isolated from a 
temperature sensitive instrument (thermostat) connected by wires vwth 
a device controlling the fire in the furnace heating the room Wlicn the 
instrument is exposed to a cold draft the furnace blades up anil the room 
is overheated The tl ermostai is analogous to ihe cold receptors (Ch 32) 
of the skin These sense organs arc stimulated becnisc the consiricied 
vessels deprive them of warm blootl from tlie deeper tissues Tfic heat 
centers in the brain connccievf thrmigh sensory nerves vMih the cold 
receptors and the muscles arc comparable respectively to ilie mechanism 
controlling the fire m the furnace and to the funnee itself 

Heat stroke heat exhaustion, ond sunstroke After a jicrson has been 
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ex|x)sed to a high temperature for a ttme his heat regtilating mechanism 
may fail ami ver) serious symptoms men death may result The c/fecis 
o{ extreme heat fall into itso categories lutossn respective!), as heal stroke 
and heat exhaustion In the former a person cxixiscd to great heat often 
while undergoing some pli)sical exertion suddeni) becomes unconscious. 
The bod) temperature is found to be \er) high and in a severe case ma) 
reach 108® or 110® F Sweat secretion is suppressed both blood volume 
and urine volume are increased In heat cxliaustion the s)mploms de- 
velop more gradually and consist of abdominal cramps rapid pulse low 
s)5tohc blood pressure and sometimes dizziness and (l)5pne3 The blood 
and urine volumes are reduced and the chloride of the blood and urine 
IS much below normal (due to loss of chloride m the sweat) Sunstroke 
IS merely a form of heat stroke or heat evJiaustion the body absorbmg 
heat from the direct ra)s of the sun There is no special effect of the sun s 
ra)S apart from their heat in causing the s)'mptoms of so-called sunstroke 
Heat cramps Painful muscular spasms occur if the sodium chloride 
of the bod) fluids falls to a low level as ma) result from prolongeil and 
excessive sweating The condition is quickly corrected by the adminis 
(ration of salt 
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The Metabolism of 
Carbohydrate, Fat, Protein, 
and Purines. DNA and RNA 


CARBOHYDRATE METABOllSM 

ClaisiHcation of the carbohydrates Carbohydrates (sugars, 
starches, etc) are composed of carbon, hydroiicn, and oxygen The last 
two elements are present in the same proportions as m water {H,0) 
Thus, the three sugars glucose (or dextrose ) , fructose (or levulose) , and 
galactose contain 6 molecules of water and 6 atoms of carbon, as sliown 
by their formula, CrtH,-Og These sugars are, therefore callctl hcxoscs 
(Gr hex, six) Though they ha\e a common formula — iliat is the same 
number of each type of atom — the positions of the atoms in the molecules 
of each differ 

Glucose IS found in fruits and in the blood and tissues of animals 
Fructose is the chief sugar of honey Galactose is present as a coni[)on<.nt 
of the disnccltaride lactose, in milk, being combined in the moleaile w ilh 
glucose It IS also found as a constiiuent of certain fatty com]x>unds in 
brain tissue Other much less common sugars hate molecules containing 
7, 5, 4, 3, or 2 carbon atoms and a corresponding number of water mole- 
cules Employing Greek prefixes, they are called heptoses, pentoses, 
tetroses, tnoscs, and dioscs, respectively Thus a heptose is represented 
by the formula C,HnO„ a pentose by C H,oOs, a tetrose by C,H|,0,, 
and so on Octoses, nonoscs, and decoscs, though not known in nature, 
have been prepared in the laboratory 

Sugars belonging to the class just outlined are called monosjcdia- 
rides, and may be represented by the genera! formula C,(Hj01„ m which 
n has the value 2, 3, 4, 5, 6. 7, and so forth. 
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Disaccliandcs are sugars composed of tv.o monosaccharide molcailcs 
less a molecule of Hater Sucrose (cane beet and maple sugars) mahoic 
(sugar of imli) and lactose (sugar of milk) belong to this group 
Though a disaccliande maj be made up of other monosaccharides these 
three nhich are important foot! elements and therefore of phjsioIogiciJ 
inlcresi consist of hcxoscs either of the same or of dillercnt kinds Their 
formula IS CizH 0„ They are split (h>drol)zed) into their consmueiu 
monosaccharides h^ the actions of specific enzjmes in the intestine Thus 

C,*H 0„ + H O = 2C*H, O, 

Sucrose can be broken bj the action of enz)Tiics or strong acuU into a 
molecule each of glucose and fructose maltose into two molecules of 
glucose and lactose into glucose and galactose 

Polysaccharides are made up of a large ntnnber of monosaccinndes 
that maj be either pentoses or hexoses less a molecule of mter The 
poljsacdiandes of physiological importance namely the segciablc 
starches glycogen ( animal starch ) cellulose and dextrins arc con 
smuied of hexose molecules and are therefore gt\cn the general formula 
(C«HioOj). Thq yield glucose 

Glycogen nhich nas discotered by the great French physiologist 
Claude Bernard is found rn traces in most tissues of the body and in 
fairly large amounts in User and muscle Muscle including the myocar 
dium may contain any amount of glycogen between 0 10 and I 0 percent 
of fresh tissue Since approximately one half the total Height of our 
bodies IS muscle it will be appreaaied that the total tpiantuy of muscle 
glycogen is sery considerable The h\er often contains as mucli as 10 or 
15 percent of its uec weight of glycogen and though it makes up onh 
about 3 percent of the botly sveight its total glycogen content is com 
parable s\ itli tint of the muscular tissues 

Glucose IS found in all body tissues blootl contains approximately 
0 1 percent but there is considerable sanation in the amount m healih 
as well as in disease It is the most important single rarboliydrnie Hith 
webatc to deaf //z pbjsrob^ Af sucJ/ /i can bciisciJ as ftJoJ /-ass 
ing unchaiigeil from the small imcstmc into the blootl hIuIc comjtlex 
carbohydrates such as the disaccliandcs ami jKilysaccliarides (siarches 
and glycogen) must first be liydroly/cd into glucose or other hexoses 
before they can be absorbed 

Glucose (as hcU as fructose and galaciosc) passes from the intestine 
into tlic blood of the pond >cm to the fixer It may (I) pass through 
the Jner unrhangctl and be oxidized in the tissues thus prosiding an 
immediate source of energy (2) be conscried to glycogen and as such 
stored in the liver or (3) be dc|»ositcd in the connective tissues of van 
oils fnrts of the bml} as fat espernfh m the subcijianeous tissues 
omentum and around the internal organs 
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The comenion of glucose to glycogen is a specific function of the 
Ii\er cells and is termed gljcc^cncsis (luerall) gl)COgen formation) 
The glucose m the blood is maintained at a fairly constant le%el by the 
reconversion of glycogen to glucose svhidi is then discliarged into the 
general circulation This process is termed gljcogenolysis (literally gly 
cogen breikdoun) 

Muscle glycogen is dernetl from the glucose of the blood During 
muscular contraction energy is funiishetl mainly by carbohydrates the 
muscle glycogen breaks dowu into its constituent glucose molecules 
Lactic acid which is ultimately produced is in part resynthesued to 
glycogen and in part oxiclired 

Insul n — the carbohydrate hormone Insulin is a hormone secreted by 
certain groups of cells tn the jnncreis called the islets of I at cerhans^ 
(see Fig 27 3) 

Insulin promotes the combustion of glucose by the tissue cells as 
i\cll as the conversion of glucose to glycogen and the storage of the htter 
in the liver and muscles If given in overdosage tins hormone causes a 
profound fall in the blood sugar of a normal person or of a diabetic 
patient The subnormal level of the blood glucose which is callcil lypo 
gl)ccmta causes an abnormal evcitabihty of the nenous centers dis 
tiirbances tn locomotion and other muscular movements or generalized 
convulsions and loss of consciousness may result A diabetic who has 
received an overdose of insulin may show such cflccts Ilis muscular 
incoordination and his mental vagueness may lead people to think him 
drunk and the jiolice are called to take him m cliarge Of course if he 
IS ihrov n into a cell to recover from his drunkenness he will noi 
imjirobably die 

Hy]K>glyccmia stiinulaies the medulla of the adrenal glands This is 
beneficial for adrenaline the secretion of these glands has an effect on 
the blood glucose the reverse of that caused by insulin The hypoglycemia 
tlierefore tends to moderate Dut the effect of adrenaline liberation 
IS not capable of raising the blooil sugar to normal Nor will an injection 
of this hormone abolish the conviibions The surest way to do this is by 
an injection of a glucose solution even sugar by mouth in (he fonn of 
candies (v Inch usually contain glucose) is effective 

Diabetes melhtus This is a disease caused by an insulficicni supply 
of insulin resulting in turn from disease that destroys the cells of the 
islets of I^ngcrhans in the pancreas or depresses their function 

When the pancreas is removed from an animal a condition known 
as pancreatic diabetes rapidly develops This is characterized by an ab 
normally high blood sugar (liyperglycemta) and the excretion of sugar 
in the urine The extent of the increase of blood glucose and of the loss 
of glucose m the urine (gliicositna or gheosuna) is proportional to the 
cirboUydrate content of the thci hut even on a diet composed entirely 
of protein or during fasting the deinncreatizcd animal excretes a con 
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sideraWe amount of sugar The glucose fcscms of the body for example 
liter glycogen arc rapidly lost Sugar 15 then made from (»«te protem 
the animal losing t\ eight as a result The fai depots arc also callctl upon 
the lat may be oxjdiicd dtrccilj or first comerted to gUtcose \i an\ nte 
the increased rate of breakdown of fat results in the accumulation of 
ketone bodies in the blood (ketosu) and urine (kcloriurta) 

Tiie ketone bodia are yShydmxybiityric and acetoicctic nods, an 1 
acetone The two organic acids arc normal iniermciliate proilucis w the 
metabolism of fat ^hydroxjbutyTic acid being derncil through oxida 
lion from nceioncetic acid Both are present in the body m heilih though 
on!) m small amounts 'iceioacciic acid undergoing ilniosi complete 
oxidation to carbon dioxide and isater \Mien on the oilier fund the 
mciaboJism of carbohydrate is tlefcciise as in ihabcies for some reason 
not altogether clear exccssisc quantities of fit arc mcnboli/td aceto- 
acetic acid >s formed in such large amounts that it cannot be completely 
oxiclucd ]t and ^hydroxsbiitync icid accumulate in (he blood and 
tissues and are rcsjionstble for the iculosis and comi of dnbetes. Aceto- 
acetic icid is beheied to be an cs|ieci tlJy toxic product In {habeicx »t is 
converted through the loss of a molecule of carbon dioxide in iccinne 
a volatile substance that often gives the bmih of the dnbciic i chanic 
tcnstic odor It is also exacted m the unne 

All the signs and symptoms seen in animals following removal of 
the panacas arc seen in humiii diabetes mclhtus The chief symptoms 
are excessive thirst and hunger and loss of weight Large amounts of 
glucose arc pavseil in the unne even though cirbohydraic is excluded 
from the diet (p 415) 

The discovery of uuulm Ins not solved tlie problem of the prinnry 
ciusc of diabetes but has provvdctl an cficciivc means of treating the 
drscise It has also furnished a most valuable too} for studying cailxv 
hydrate meiabolism Insulin administered subcunncously or intravc 
nously eliminates all the signs of diabetes m cxpcnmcntil amimh or 
m human patients. Its action is to promote the storage of glycogen In 
muscles and liver 10 depress the wasteful new prtRluciion of sugar in fl e 
liver and to mcrease the oxidation of carbohydriic The hyperglytTinia 
and gliicoviiria disappear kciosis is climm'iicil I be njnd loss of lioily 
tissues IS clieckcd 

Insulin lias now been prepared in crystalline form u is a protein 
containing eight or more ammo acids. The highly purificil insuhii is 
absorbed quickly when atlmmwtercd subctitaneoush and efforts have 
been made to lengthen the period of absorption iliat is to j x< long its 
aaion The most saiisfaaory preparation thus far dcvcloj>ed for this pur 
pose IS proiomine iiuc insulin which is made by adding j rotamine m t 
line to msulin Protamine is a simple protein obtamcvl from fish sfierm 

Willie a dcfiaeiicy of insulin causes diabcics ovaprothicinro •* 
responsible for a climal condition called hypertrttulmu^ Tlic oiii 
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standing features of this disease area low blood sugar (hypoglycemia) 
and the s)mptom$ incident thereto (see above) 

Other hormones and carbohydrate metabol sm The influence upon 
carbohydrate menbohsm of certain hormones of the anterior lobe of the 
pituitary is described m Chapter 38 and of thyroxine and the hormones 
of the adrenal gland in Chapters 39 md 40 respectively 

These several hormones constitute a complex but delicately balanced 
mechanism whereby the metabolism of carbohydrate is regulated The 
various phases of and the ceaseless clianges in carbohydrate metabolism 
— the utilization of glucose by the tissues the formation and storage of 
glycogen and its breakdown to glucose and the new formation of glucose 
from protein and fat — all come under the influence of one or more of 
the hormones mentioned Due to their reciprocal actions the sugar of the 
blood and other body fluids is maintained at an approximately constant 
concentration 

The nervous system and carbohydrate metabolism In 1855 Claude 
Beniard showed that injury to the brain that involvetl the pons and the 
cerebellum as well as the floor of the fourth ventricle produced hyper 
glycemia and glucosurn It appears probable that these lesions set up 
nerve impulses that cause the breakdown of liver glycogen This may be 
due to the conduction of the impulses directly to the liver or may be an 
indirect result of adrenaline liberation It will be appreciated that inter 
Terence with the nerve supply of any of the glands whose secretions affect 
carbohydrates may exert a profound influence on the metabolism of 
these substances 

FAT METABOLISM 

The neutral fats The common fats of vegetable and animal tissues 
are compounds of the higher fatty aads palmitic (C„H„0 ) stearic 
(Cj.HjoOj) and oleic (C,(H,«0,) with the triaioraic alcoliol glycerol 
(CiHs(OH)s) £adi moleaile of glycerol (or glycerin) is combined with 
three molecules of one or another of these fatty acids The resulting com 
]>ound (or ester) is called a neulraf /at or triglyceride Depending ujion 
the partiailar fatty aads in the iriglyccnde molecule the three chief 
fats are named tripalmitin, tristcarin, and inolcin, respectively 

Tlie fatty tissues of animals consist of connective tissue in which is 
depositetl a mixture of neutral fats triolein being in the greatest pro- 
portion Tripalmiiin is present in smaller and tnsieann in least immint 
The inglyccndes are hydroly/eil by the intestinal enzymes (lipases) 
into their constituents — fatly aads and glycerol In the presence of alkali 
fat IS decomposed the fatty aad then reacting to form soap Thus 

), + 3NaOH = 3CH,(CH )„COONa + C,H,(OII), 

trUuarin lotium •oaium atmraU (tjrtarol 

fcr<Sroxlil« (> to*p) 
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Fotllce and waxy substances — tfie lip ds The most important sul>- 
tlu istons of the lipids are the sterols and the phospholipids 

Cholesterol is a waxj substance belonging to the sterols It is \cr) 
widelj distributed throughout anijnaJ tissues especially in nene sheaths 
and shin Irradiation of a form of cholesterol in tlie shin b) ultraviolet 
light gives rise to vitamin D Cholesterol is closely related to the bilc 
salts and to the sex and the adrenal cortical hormones 

Ergosterol a sterol found in plant tissues also acquires aniiraclmic 
properties upon irradiation with ultraviolet light (Ch 31) 

The phospholipids or phosphatides are essential constituents of 
animal and vegetable cells Brain muscle liver bile mill and eggs con 
inn these substances in especially large amounts To this class of sub- 
stance lecitfiin ccphafin and sphingomyelin belong Upon hydrolysis 
they yield fatty acids phosphoric acid and a nitrogenous base The 
nitrogenous element in lecithin is choline 

The sferoge of fo» Every tissue in the body contains at least some fat 
or failike material but the great store houses — the fit depots ns they 
are sometimes called — are the subcutaneous tissues the abdomen (in the 
omentum and surrounding the extrapentoneal viscera such as the kid 
ney) and the connective tissue betvveen the muscles The liver also 
contains considerable quantities of fat In fat the body possesses the most 
compact matennl for the storage of energy for over twice as much heat 
IS prtxluced uhen a gram of it is burned as when sugar or protein 
undergoes combustion m the fires of our bodies It is very interesting 
also that fat is the only one of the three major classes of foot! material 
that IS stored free of water Carbohydrate and protein are stored m com 
bination with water winch forms more than half the total weight of 
these stored maienals This means that at least four times as much 
energy is stored m an ounce of fat as in the same weight of stored carbo- 
hydrate or protein All types of food— carbohydrate the carbon |»rt of 
tlie ammo aads composing protein and fat itself — are storetl as fat wlien 
they are consumed in excess of the cneigy requirements of the body at 
the time Every farmer knows that he can fatten his stock by fcctling them 
wheat oats and other carbohydrate material anti reducing ihcir activity 
to a minimum 

The funct on of the liver in the mefobol sm of fat Fat when rcqtnrcil to 
furnish energy is liberated from the boily s stores and conveyed to the 
liver in the blood stream Having rcidictl the liver it apparently roust 
first be converted to phospholipid (lecithin) The fatty acids are then 
oxidired and compounds with only 4 carbon atoms acetoacetic acid 
(C.HeOj) and benhydroxybutyTic aad (C H Oj) are protlucctf 
have seen that these ketone botbes are formed greatly in excess in dia 
betes These 1 carbon atom compounds are finally oxidired in the cells 
of tJie general tissues 
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Disturbances of fat metabol sm In ceriam nbiiornial states of the endo- 
crine organs for example defecti\e th)roid or pituitary function or of 
the hjpothalamus the deposition of fat may greatly exceed the normal 
(Chs 37, 38) On tlie other hand o%eraai\tty of the thyroid gland {Ch 
39) causes depletion of the fat stores Persons with such oseractive glands 
are usually undenveight 

Obesity Otenseighl of the body due to the excessise accumulation 
of fat IS called obesity or adiposity Though a aery common state it 
must unless of aery moderate degree be considered an abnormihiy 
Obesity is a definite hazard to the general liealth and in several ways 
puts the physiological processes at a disadvantage It places a greater than 
necessary burden upon the heart at all times but especially in the per 
formance of muscular work Diabetes arterial hypertension degenerative 
changes in the anenes and gallstones are among the conditions imicli 
more common in the obese than in persons of nonnal or subnormal 
weight These are some of the penalties paid by the fat man for lus fat 
ness Diabetes has been calletl the fat man s folly Obesity tends to 
reduce the bodys resistance to mfeciion ami the extremely obese person 
IS looked upon as a poor risk by the surgeon as well as by the insurance 
examiner Someone has stated the case of the overweight person of middle 
age in respect to life expectancy in the epigram tlie longer the belt the 
shorter the life this is well borne out by insurance statistics In persons 
over 45 years of age the death rate for those who aie overweight is 
considerably above the average while tint of lean persons is below 
average 

The cause of obesity Though as mentioned above obesity is some* 
limes due to an endocrine disorder or other specific ibsease this is rare 
The common type of obesity which is usually referral to as simple 
obesity IS due to an intake of energy (foot!) in excess of the energy out 
put (work) That is to say die subject eats too mudi for the physical 
work he does or he prefers foods of higher caloric value than does a 
person of normal weight The excess food is dcjxisiicd as fat This con 
elusion has been frequently questioned but experiments upon human 
subjects have failed rcpeatcilly to prove it false 


PROTEIN METABOLISM 

The ditrbuton of protein Proiem material enters largely into the 
composition of all types of protoplasm both of animal and vegetable 
origin Among foods meat (muscle) , cheese eggs beans and peas (leg 
umes) are the ridiest sources Its basic elements aie carbon hydrog^en 
oxygen nitrogen and sulfur anti usually phosphorus Its content of the 
latter three elements distinguishes it from either fats or carbohydrates 
whidi contain only carbon hydrogen and oxygen 1 he body is dc 
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pendent almost entirely upon protein for ns supplies of nitrogen and 
sulfur and mainly for its phosphorus 

The sfrucfure of the profe n mofecufe — am no acids It Was stated m 
Chapter 24 that the protein molecule was built up from ammo icids 
For this reason the ammo aads are often referred to as Uie building 
stones of protein During digestion the protein building is placet! m 
the hands of the wreckers — tlie enzymes of the alimentary tract The 
building stones are torn apart and after passing through the intestinal 
mucosa are conveyed by the blood to various tissues of the body where 
they are reunited m the building of new tissue (as during growth) 
or used m repairing dilapidations sustained by the protein fabrics com 
posing muscle brain liver kidney etc 

Some twenty five kinds of ammo acids have been discovered A par 
tial list is given in the following table (see also Appendix) The simplest 
A PARTIAL LIST OF THE AMINO ACIDS' 

Glyane (or glycocoll) C H NO or aminoacet c acid 
Alanine GH NO or a 'tminopropion c acid 
•Threonine CHiNO. or«anuno/l liydroxybutyric aad 
•Viline CiH NO or «-aminoiJOvalcric acid 
•Leunne GHiNO or a amit oisocaproic acid 
•Isoleucinc GH NO or o-ammo-^-ethyl jIT metliylpropionic acid 
Aspartic acid GH NO or aminosuccmic acid 
CIuURiic aad C H NO or «-aniinogIutaric acid 
• \rgimne GH NO or 3-guanidm aaminovaienanic acid 
•Lysine GH NO or « i-diaminocaproic acid 
Cystine GH N*S O or dicysteine or diO tli aimnopropionic aad) 
•^^cthlonlne C»H SNO or « aniino-y coethyltJiiobuiync aad 
•Phenylalanine CH NO or /J plienyl-«-aminopropionic acid 
Tyros ne C,H NO, or /J parahydroxypl enyl-a ammopmpionic acid 
•TryptopI an C H NO or p mdolcaaminopropionic aad 
•Hisiidine GH N O or o am no-p imidaiolepropionic aci I 

amino acid is glycine or glycocoll vvliich consists of ncetic acid in whicli 
a hydrogen atom has been replaced by an NH group Thus 

CH, CH,— NH, 

I I 

COOH COOH 

■ectlc ae d xiyclae 

It is therefore also called ammoacetic aad The majonty of the other 
ammo acids are constructed upon the same genera! plan They contain a 
fatty aad for example propionic valerianic caproic succinic etc and 
one or tv\o NH (nmmo) groups Tliey are combined in the protein 
molecule by the linking together of COOH (carboxyl) groups vvith NHj 

• The asicnsk ind cates an essential am no aad nx d laiss nn below 
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groups Th»s IS called peplid Unkage When the ammo aads are sepa 
rated, as by enzyme action, it is here also that the split occun, a moleaile 
of uater being first taken up Tins is another example of the process 
knosvn as hy drolysis or hy droly Uc cleavage described elseivhere 

Se\eral proteins contain more than 15 varieties of ammo aads but 
the assortment s-aries between different types of protein The total num 
beT of ammo acids m a protein moleade may be 200 or more. Such 
proteins are composed therefore of molecules of relatively enormous 
size The molecules of certain other proteins such is the protamines, 
contain mucli fewer ammo aads and are correspondingly smaller There 
IS thus a very wide variation in the size and ueight of the molecules of 
the different types of protein The shape of the protein molecule also 
vanes The molecules of some proteins, such as the myosin of muscle 
and of that forming tendons and ligaments (collagen) , are long and 
fiberlike in shape, while others such as those of serum albumin, are 
globular Some of the commoner food proteins are given m Table 
30 1 

The growth of body ussue in the young animal and the repair of 
protein structure m the adult body are dependent upon the protein 
(ammo acid) content of the diet Bui since tlie tissue protein of a given 
annual is different m constitution from the proicm of its food, the latter 
must be completely broken down into its separate ammo acids before 
It can be utilized for building body tissue 

Those ammo acids that cannot be built into body tissue are broken 
up, the carbon part of die molecule (that is the fatty acid group) ts 
oatvdvied to carbon dvoxule and vsaver, thus (utnvilung energy to the 
body, or is converted to body fat ilie nitrogen goes to form urea Vvhich 
IS excreted in the urine The removal of the nitrogen (ammo) group 
from the ammo acid molecule is called deamtnalioti, tins process and the 
production thereby of urea occurs chiefly m the liver Certain ammo 
acids not used for the construction of body protein may after under 
going deamination, be converted to glucose vshich is then either oxidizetl 
or stored in the liver as glycogen (p 408) In diabetes the glucose formed 
from ammo acids is largely excreted in the urine The diabetic subject, 
tlicrefore, continues to excrete sugar though he receives no sugar or otlier 
cafbohvdrate, even during fasting he continues to excrete glucose, which 
IS then derived from the protein of lus own tissues (see Ch 30) 

The urea m the urine »s formed mainly as a result of the deamma 
tion of ammo acids composing the protein of the food Raising the 
protein content of the diet, therefore, increases the output of urea m the 
urine and vice versa But the urea is not entirely derived irom the diet, 
a small part is formal from the nitrogen released by the breakdown of 
body protein, for the tissues are constantly undergoing disintegration and 
repair A small quantity of nitrogen, combined in various ways, is also 
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ehminatecl from tjje body by passing through the n-al! of the intestme 
from the blood into the feces 

During starvation or upon a protein poor diet tlie breakdown of 
body protein of course continues The body loses nitrogen through the 
so-called wear and tear of tissue protein but receises none to make 
good the loss That is to sa> the output of nitrogen m the urmc and 
feces exceeds that of the food the body is then said to be m negative 
nitrogen balance Similarly the nitrogen ouipui will exceed the intake 
and the body will be in negaiiae nitrogen balance if the food protein is 
inadequate in amount or of poor quality (that is if us assortment of 
amino acids is unsuitable for repairing bod) piotein the nonutiluable 
ammo acids being excreted m the urine) In the healthy adult receiving 
an adequate diet the nitrogen excreted just balances the nitrogen taken 
in the food — that is the nitrogen lost as a result of the breakdown of 
tissue protein is replaced from the food ihe remainder of the food 
nitrogen is excreted The body is then said to be in ntlrogen equilibrntm 

During growth after i period of stanation in pregnancy in mus 
cular training or in convalescence from some disease that has caused 
the excessive destruction of body protein the quantity of nitrogen ex 
creted is less than that taken m the food provided the protem intake 
IS adequate The body is then m positive nitrogen balance In other 
words nitrogen is retained for the construction of body tissue 

The essentol ammo acids and the relative nutrtenol values of dfferent 
prole ns An essential or indispensable ammo acid may be defined as one 
that must be present in the diet m order that the growth of young am 
mafs may proceed normaffy and that the hcafth of both young and old 
animals be maintained In a sense probably all or at least most of the 
ammo acids are essential in one v ay or another for luuntion but some 
can be synthesized m the body for example glycine or formed from 
others furnished in the diet It is not necessary therefore that such 
ammo acids slnlj themselves be present m the food There arc 10 essen 
tial ammo acids they are marked with an asterisk m the table on 
page 114 

Proteins are not all of equal value m nutrition for the reason that 
the various types differ v%idely in ilieir ammo acid constitution Tfiose 
that possess an ammo acid assonmeni most closely resembling that of the 
body s proteins have the highest nutrilive value Cenerally speaking and 
as might be expectevl these are of animal origin — for instance the pro- 
teins of milk eggs and meat Some proteins such as gel'nlin and e/n (m 
maize) are incomplete — that is they lack certain ammo aci Is tint arc 
essential for growth and the maintemnee of nitrogen equilibrium m the 
adult Others such as gltadtn (in wheat) honlein (m barley) "tnd 
Icgumin (in peas) will serve to repair body protein in the adult but will 
not support growth since they lack certain essential ammo acids or con 
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tarn them m insiiffiaeni amounts Young animals tint recene one or 
anoUier of these as their sole protein fail to grow Wheat peas and 
barlej howeser contain other proteins that make good the ammo acid 
deficiencies of those that are incomplete (see Table 30 I) Laclalbumin 
of milk ovalbumin of egg ivlntcand ovditelUn of egg >olk nlbumtn and 
myosin of meat and glulcmn of wheat contain all the essential ammo 
acids (See also RNA and protein s)nthcsis p 419) 


TABLE 301 

CHARACTER OF PROTEINS IN SOME COMMON FOODS 


Food 

Ch ef prote ns 
present 

Am no aeid const tut on 

M fk and cheese i 

! Case n 
iLoctalbumiR 

Complete but low m cyst ne 

Complete 

Corn (maize) 

Zein 

Incomplete lacks lysine and tryptophan 



low in cyst ne 

Egg* 

jOvalbum n 

Complete 

fOvovitell n 

Complete 

Meet 

(Albumin 

Complete 

1 Myoi n 

Complete 

Pees 

Legum n 

Incomplete low m cyst ne 

Wheat 

[Gl edn 

Incomplete locks ly* ne 

(Gluten n 

Complete 

Gelat n 

Gelot n 

Incomplete locks tryptophan and tyro 



s ne very low n cy*t ne 

In part from M S 

Rose Fo ndalions of \ut to 


PURINE MHABOUSM DNA AND RNA 

^^a^y years ago a Swiss scientist discoscrctl a nitrogenous compound 
m the nuclei of cells which he nametl nucleic acid Nucleic acid coni 
bm«l with protein — nuclcoprotcm — or closely associated with protein 
IS found m the nucleus and cytoplasm of all cells both animal and plant 
and in sintses Viruses arc viitual/y pure nuclcoproiein but their infer 
tiMty resides in the nucleic acid alone for it is not abnhslied by reino\ il 
of the protein When a bacterial \inis (bacteriophage) for example 
attacks a bacterium the nucleic aad enters Uie cel! and lca\cs the 
protein behind 

Tlic nucleic acid molecule consists of four compounds callcil nuclco* 
tides winch in turn are cora|XKcd of pbosj bone acid a f enlose (i 
5 carbon sugar) and a nitrogrnoiM base There are fne principal fonns 
of ihc latter — adenine and giiannie ailed punnes and cytosine ibyinine 
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and uraal kno«n as pynmidines—any one of ^vhicli rmj combine \Mih 
the phosphoric acid and pentose ^ocips to form a nucleotide The phos 
phone and group of one nueJeottde is linked to tfic [ entose group of 
the next fonning polynucleotide chains 


— pi osphoTicaad 1 


(punne) 

guanine pentoie ^ phosphoncaad 2 

(purine) 



-phosphoric acid 3 


cjtosine 
(pyrim dine) 

th)minc — ^ — —pentose phosphoric acid 4 

uracil " " "* 

(pjnrrud nes) 


There are two kinds of nucleic acid wh ch differ in the t)pc of 
pentose they contain In one the o-carbon sugar is deoxyrtbosc m the 
other it IS ribosc and the former sugai contains one less o\jgen atom 
than does the latter The nucleic acid containing (}eo\)ribo5e is named 
deoxyrtbonucleic acid abbrc\iatcd DN k that formed with nbosc is 
ribonucleic aad or RNA DNA and RNA also differ m one of their 
pyTimidtne bases the fourth nucleotide of DNA contains ih)-mme 
whereas the corresponding p)rimidine m RNA is uraal The chief 
chemical differences between the u\o kinds of nucleic acid are sum 
marued below 


D\d 


Ucoxjribose 

Ribosc 

\deninc 

[ \denine 

Ginninc 

1 Cuamne 

Cytosine 

Cytosine 

Thymine 

Uracil 


DN \ is found only in the nucleus it forms ibout 10 percent of the 
substance of the chromatin the remaining CO percent being made up of 
59 percent protein and I percent RNA Ribonucleic aad is present in 
all parts of the cell — nucleus and cytoplasm But most of the RVA is 
concentrated m ultramicroscopic* bodies called microtomes or nhosnmes 
scattered throughout the cytoplasm wliere it is associated with an equal 
amount of protein RNA is synthesized in the nucleus and passes lo the 
nucleolus here it is temjxsrariJy sioied to be gradually released and taken 
up b) the ribosomes RNA is also present in relatnely low concentra 

tifrraro croscop c refers lo the ord lary m crompe iiol to che electron 

microscope 
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tion m the mitochondria These threadlike or rod shaped bodies are rich 
in enzymes and ha\e a high metabolum They appear to be the poner 
houses of the cell svhercin the poienual energy of food is harnessed for 
the performance of tvork 

A great mass of experimental evidence has been accumulated within 
recent years that points to DNA as the ultimate genetic material — tlie 
basic substance constituting the units of heredity, tlie gertes — and indeed 
the essence of life itself The high concentration of DNA m the chromo- 
somes is presumptne of this but more direct esidence has been obtained 
from experiments upon two strains of pneumococcus * 

Except in the case of plant viruses (for example the \inis of tobacco 
mosaic) and certain animal \iruses (of influenza and (loliumyehtis) 
RNA seems to play no primary genetic role There is convincing e\i 
dence, however, that this nucleic acid is an essential agent in protein 
synthesis within the cell l!ie short segments of the RNA helix (see 
below) in the ribosomes serving as platforms or templates on which 
are arranged sites or stalls in a definite pattern RNA m solution out 
side the ribosomes attaches itself to an ammo acid in the cytoplasm and 
leads It into its appropriate stall on the ribosome tcmjilaie These leaders 
are termed transfer R\A, of wliidi a specific one exists for eadi of the 
twenty-odd ammo acids The protein when formed from a selection of 
amino acids passes from the ribosome into the surrounding cytoplasm 

Model of a nucleic acid molecule The nuclcotidcs-Hiiany hundreds 
or even thousands of them — are strung tc^ciher m Jong parallel chains 
or strands to form huge molecules From the data of many experiments 
and observations a model of such a molecule has been constructed (Fig 
SO I) In this motlel the chains are paircvl ami twisted into a spiral or 
helix The strands consist of alternate phosphoric acid and pentose 
groups from vvhidi the nitrogenous bases are given o(I at right angles, 
the latter connect and hold the strands together The purine base of one 
strand is alw’ays linked to a pyrimidine base of the other The purine- 
pyrimidine links are almost invariably guanine to cytosine and, in the 
case of DNA, adenine to ihymmc* A mutation it is thought may be 
the result of a * mistake in this linkage for example, guanine to thymine, 

* There arc a large number of pnriimococcai normally all have capsules 

composed of cart)oh)draie vshich differs in the varuus stmns Occasionally mutants 
arise that lack a cafsulc When tins happens rough dull culonm are formed tl at can 
easily be distinguished fre m the smooth glistening eiilonirs of the capsiilated form 
In rare Instances the “rough mutants resert lo the smooth form but the revemon 
u alu3]3 lo the original cype that is lo say if the rough variety arose from smooth 
forms of Type II when ihcy again beemne smooth their capsules i Icntify ilcm as 
belonging to this same type (Type II) Now if these baci«.tia arc cultured in a medium 
coniaining ihe ground up bacteria of another type say Type III they acquire the 
characteristics of the latter The raaicnal in the ground up cells that eaeris tins effect 
has bijen shown to be DN \ 

* In the RN V molecule as menu iied above iiraa! takes the place of thymine and 
therefore pairs with adenine 
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or adenme to cjtosine Sudi a construe 
tion of ihe nudcic acid molecule might 
be compared to a spiral siaircase in nhich 
the handrails are the phosphatc-pciuose 
strands and the trends the purine pjrimi 
dine cross Irnlj A gene ts probablj a 
segment of sucli n double helix 
The reader may asL Hotv with only 
fourxanables the nucleotides could such 
an immense number of species which 
must differ by at least one gene base 
come into being? But ujxm reflection ht 
may recall that any word of the inilhom 
in all the languages of the world can be 
transmitted by a particular combination 
of only tsvo symbols a doc and a dash 
with a maximum sequence of six per 
letter The code by svhich n genes mes- 
sage — genettc tnfoTtmtion— is transmit 
ted IS a four symbol one— ihe nucleotides 
The possible combinations and pemuita 
tions are illimitable 

The fote end excret on of node e oc d 
Tlie purine of the nucleic nod molcnile 
IS broken down to uric acid which is 
excrctctl by the kidneys Uric acid ts the 
end product of purine metabolism in man 
and other mammals just as urea is the 
end product of protein metabolism in 
these sjiecies But in birds and reptiles 
uric acid is the end protluct of both pro- 
tein md purine metabolism Unc acid is 
of especial medical interest because in die 
arthritic disease known as gout its con 
ccmration m die blood is increased and 
Its excretion in the urine reduced CJiaJks 


deposits of compounds of uric acid (urates) ire found in the soft tissues 
such as the lobes of the ears or around the joints they nre called fop/n In 
this disease foods rich in nuclear matenal especially the glandular imiics 
luer swcetbreids (thymus or jKincrcas) etc should be axoidcd and non 
nucleated items such as milk and eggs to a large extent substiiuin! 
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The body derives its energy soJeJy from food (chiefly fat 
and carbohydrate) It recenes the matenals necessary lor growth and 
repair largely from protein Lean meat which is from 20 to 25 percent 
protein and the remainder water glycogen and salts possesses insufTicieiu 
energy value as the sole food for man The particular value of meat is 
that It furnishes protein for growtli for the repair of body tissue or for 
the manufacture of esseninlscCTCiions (Ch SO) 

We have already seen hov/ the digestive processes prepare tlie food 
stuffs for absorption into the blood and for their utilization bv tlie tissue 
cells But materials other than these three food principles are necessary 
m order that the erTicieiicy of certain vital functions slnll be maintamcfl 
A certain quantity of water must be taken into the body daily since 
moisture IS lost in the breath urine and feces and from the surface of 
tlie body Certain substances — salts and vitamins in sm dl amounts — are 
also absolutely essential 

The processes whereby the body makes use of these various sub- 
stances and achieves that state which vve all recognize as normal and 
healthy are embraced in the word nutrition The production of energy 
-ind the processes of tissue growtli and repair have been spoken of m the 
preceding cliapier Other phases of numtion may now be considered 

THE NEED FOR MINERAIS AND WATER 

M nerols — inorganfc softs Ntimcroiis minerals in the form of their 
salts are found in small amounts in our diets Calaum and phosphorus 
are necessary in quite large amounts lo provide calcium phosphate — the 
important salt of which the bones arc mainly formed Iron is necessary 
for the formation of hemoglobin anil the pigment of muscle and for 
ccrniii enzymes essential for tissue respiration Iodine is an essential 

•121 



422 - We/abofism and Nufrifton 

component of the actne substance made by the th^Toid gland— th)ro\ine 
Calcium and phosphorus are found tn milk and meat Iron is obtained 
from \egetables such as spinach from fruits and from meat Iodine is 
present in abundant amounts m the foods grown on certain soils but in 
other regions the soil is deficient m this clement and cannot supjd) it lo 
the plant life The significance of iodine is also discussed under the 
thyroid gland (Ch 39) Common salt (sodium chloride) and other solu 
bJe salts must be supplied to the blootl and tissue fluids iii order that a 
suitable ensironment may be maintained for the cells bathed bj these 
fluids Zinc copper cobalt manganese fluorine and certain other ele- 
ments that are required in minute amounts are called trace elements 
Water Prom 75 to 80 percent of the soft tissues of animals is svaier 
Water is lost from the body in the breath in the perspiration and 
through the kidneys The ssater content of the bodj must be mamiamed 
at a constant lesel since ex:ces$ne loss of uater may cause great damage 
We obtain uater in our food and drink and in addition water is foniied 
in our bodies by the oxidation of the hydrogen of (he food This is 
called the svaier of metabolism (seeCh 28) 


PUNNING A 8AUNCED WCT 

In planning a diet the following must be taken into account 

1 The total energy requirement — that is the heat or caloric saliie 
of the food 

2 The proportions of the three mam foodstuffs— carboliydraies fats 
and proteins. 

5 Essential minerals 

4 Vitamins 

The diet of a healthy adult must hate an energy talue that will just 
balance the energy his fiody evfcnds If Ins food yields more Calories 
than he expends in work m maintaining Ins body temperature and in 
other tntal functions (he excess will be stored as fat and he will gam 
weight If he consumes food that provides less energy than is requircil 
he will lose weight The total energy requirement varies of coune with 
the size and occupation of ilie inditidual wuh the climate and season 
and with age and sex A man doing heavy outdoor work for example 
may require a daily diet of 4000 or 5000 Calories or even more whereas 
3000 Calories or less would be ample for an office worker 

In order then to arrive at the Caloric requirement of any mdivid 
ual the number of Calorics required for work must be determined an 1 
(allowances having been made for chmatc or any otlicr modifying con 
diiion) added to the value for his basal metabolism (Ch 28) Now the 
metabolism during sleep is less Uian the basal metabolism by at least 
10 percent The basal heat production dunng waking hours (10 hours) 
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ami the meiaboijsm dunn^ sleep (8 hours) must for iJus reason be cal 
culated separatel) for ilie 21 hours 

The Calorie ^alue of the diet of a >oung imn of aserage size ^vho 
expends a total of about 3300 Calories dail) is therefore made up from 
the following items 

CnloTies 

1 Basal metabolism (70 Calories per hour dunng the 

waking state of 16 hours) 70 X 16 = 1120 

2 Metabolism during sleep (63 Calories for 8 hours) 501 

3 Mlowance for work 1500 

31'>l 

4 Specific dynamic action of food' (6 percent of 3124) 187 

3311 

From 45 to 50 percent of the totif Calories of the diet should be fur 
nished by carbohydrates 35 to 40 percent by fat and from 12 to 15 per 
cent by protein These proportions of the three foods vary considerably 
under different conditions — such as age sex climate and occupation 
A much higher allowance of ht for example is required m northern 
climates than in tropical or subtropical zones A larger proportion of 
protein is also an adtantage in cold weather The diet of laborers grow 
ing cliildrcn an<l persons who have lost weight as a result of illness or 
from some other cause should contain a more liberal amount of protein 
than IS required for healthy adults doing light work The daily allow 
ance of protein for the average adult is usually placed at 70 to 80 grams 
Apart from their talue m furnishing energy, fats contain certain 
fatty acids (Jinoleic Unoiemc, and orachidoyjic) that are absolutely essen 
tial in nutrition sesere nutntional defects result when they are absent 
from the diet 

The importance of sarious minerals m the diet his been mentioned 
abo\e The vitamin requirements svill be discussed in the next section 


THE VITAMINS 

The essential importance for nuiruion of minute quantities of cer 
tain substances in food has been generally recognized only within com 
paratnelj recent years ^\hen these indispensable materials were dis 
cosfcred sery little was knosvn of their chemical nature but since ihej 
were thought in error to belong to a class of nitrogenous substmees 
known as imines they were cillet! i ilomines (L vita life) This name 

' This Item is an alio lance for the increascil m tabt I sm caused by the foo<l iisclt — 
an effect called lU i/cr/'c eiya iic artioa Food especially pTftiin has a *t mu/at ng 
action on heat product on quite apart and in excess of us Calor e value Tl c pi cnome 
non has never been given an entirely saUsEactory expbnation 
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has been retained but the s{)cUmg Ins been modified to \ itamins As ne^^ 
kinds ^\ere discovered and added to the list eacJi was designated b) a 
letter — B C etc 

Vitamins have become very popular and many commercial concerns 
try to increase their sales by advertising that their particular product 
contains this or that vitamin This is too often sirnpl) sales talk Even 
in the case of vitamin preparations offered for sale in tablet form the 
only assurance the public has that a |>articu!ar tablet contains the vita 
mins as stated is the reputation of themaniifactuier 

The following is a list of the better known vitamins 

Vitamin A (antixerophthalmic) 

Vitamin B complex. — thiamine (antineuritic) riboflavin nicotinic 
acid p)ridoxine B , etc 
Vitamin C (antiscorbutic) 

Vitamin D (antirachitic) 

Vitamin E (antistenlit)) 

Vitamin K (aniihemorrhagic) 

Vitam n A Vitamin A is present m largest amounts in cod liver oil 
and m the liver oils of the various marine and fresh v ater fish The livers 
of mammals are also rich in this vitamin The reason that the liver is 
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such a nch source of vitamin A is that the vitamin is protlucetl in this 
organ from carotene absorbed from the intestine Carotene n a )eIIow 
pigment found in many green and yellow plants used ns food bj both 
man and animals Carotene since it is oituerietl m the body to sua 
mm A IS called provitamin A We can therefore obtain a supply of 
Vitamin A either from the carotene of sudi vegetables as carrots yelloiv 
corn and lettuce and many fruits or already formed from animal prod 
ucts such as fish oils and dairy products — cream milk butter nnd eggs 
The \iiamin A content of dairy products depends upon the amount of 
carotene in the cow s food 

A well balanced and liberal diet usually contains sulficicnt amounts 
of carotene of or vitamin A for normal nutrition But nheii dairy pnxl 
ucts vegetables and fruits are absent from the diet or arc present in 
meager amounts serious nutritional ilefects result The chief effects of 
Vitamin A deficiency arc seen m the skin eyes and nervous system Tlie 
disorders of the skin take die form of dryness roughness nnd i pimply 
rash The membrane covering the surface of the eyes and lining the 1 d$ 
(con]unctivae) becomes dry owing to the suppression of the flow of tears 
that ordinarily lubricates tlicm Since v iiamin A is required for the light 
sensitive visual purple of the retina night blindness may well result if 
this vatamin is lacking from the diet Various degenerative changes in 
the nerves and nene tracts of the central nervous system are producctf 
by very severe deficiency of vitamin A (Fig 31 2) 

The vtomm B complex Certain nutritional defects observed in expen 
mental animals fed deficient diets vvere attributed by earlier investigators 
to the lack of a single dietary essential It has since been shown that the 
defects were not due to the absence of one substance and that vitamin B 
so called consisted of a group of closely associated vitamins These are 
now referred to as the B complex They are sometimes designated by 
numbers placed after the letter B — B B etc but more usually they are 
distinguished by special names 

The members of the vitamin B complex are as follows 


Thiamine (B,) 

Riboftavin (Bj) 

Nicotinic acid 
Pyridoxmc (Bg) 

Folic acid 

Aniipcrnicious anemia factor 


Pantothenic acid 

tnoswol 

Biotin 

Para aminobcnzoic acid 
Choline 
l.) 


Only the fint three will be dealt with here Vitamin B and folic 
aad have been considered in Chapter 7 The others have been smdinJ by 
creating definencies mainly in laboratory animals and though there n 
httle doubt that they are important m human nutntion Jmie or nothing 
is known of abnormalities in man resulting from their lack. 
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Thiamine the antincuriiic Mtamin or B, is essenual for the normal 
nutrition and functioning of the nersous system In its absence the metab- 
olism of carbohjdrates does not proceed normally W hen the diet is lack 
mg m the aniineuntic Mtamm a condition of the nerses deselops leading 
to paxal)sis of the limbs There also may be edema and dilatation of the 
heart This deficiency disease knoun as beriberi is seen most commonly 
in Eastern countries — China Ja 
pan India the Malay States etc 
— i\here the natnes subsist mainly 
upon polished rice tint is nee 
from i\hich the outer coserings 
of the kernel base been removed 
in the milling process In birds 
thiamine deficiency causes retrac 
tion of the head (Fig 31 3) in 
rats pronounced slowing of the 
heart (bradycardia) occurs 

Beriberi is curetl by feeding 
whole nee or the outer coverings 
of the nee gram (nee polishings) 
or any other good source of the 
Mtamm The richest sources of this 
vitamin are whole-gram cereals 
milk liver and kidney Pure thia 
mine whicli is now made syn 
thciically is today more usually 
employ cd 

JltboflaviTi belongs to a class 
of yellow fluoiesccni pigments known as flavins It is found in largest 
amounts in milk liver kidney and lean meats especially lean pork. 
Severe abnormalities of the eyes result when it is absent from the diet 
or present in very small amounts The clnef eye defects are opacities over 
Uie pupil and the growth of fine vessels into the cornea vvhich noniially 
IS bloodless and perfectly transparent (Fig 31 4) The eyes become ex 
tremely sensitive to light being unable to tolerate an illumination of 
even ordinary miensity Another effect of riboflavin deficiency is the 
appearance of deep creases or fissures surrounded by an inflammatory 
red area in the skin around the angles of the mouth In the absence of 
this vitamin grow this retarded (Fig 31 5) 

Nicotimc acid or niacin is related diemically to nicotine present in 
tobacco leaf but has little or no toxicaction Liver kidney brcwersycast 
wheat germ soybean and peanuts arc the chief sources of this member 
of the B complex 

Tlic lack of adequate amounts of nicotinic aad in the diet is tlic 
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cause of j}cllagra or of the main sjmptomi at least of this disease 
Pellagra is a disease of the poor m southern distnas of this continent an 1 
of Europe sshose diet consists principal) of mai/c Its cliief fcnturcs arc 
red inflamed patclies on the sLin (especially of parts exjiosetl to the sun' 
gastric and intesiinaf disorders and mcmal s)mpioms sometimes cul 
minating m mania 

Vifamn C the onticorbutc vtamn Deficienc) of sitamiti C is the 
cause of scurs*) (scorbutus) a disease characicntctl b) hemorrhages from 
the g:ums and other mucous membranes and into the bones and joinis 
This disease caused minj deaths on the earl) so)ages of discover) and 
svas often a reason for ilie failure of exploring parties Captain Cool, lias 
told of Its ravages Jacques Canier (153a) on one of hts vopges ir> 
Canada lost man) men from scurv) until he sras told b) the Indians 
that a tea made from the )oung ups of evergreen bnnchci v\as an ciTcc 
tiveremetl) Janies Lind (1717) deplored the prevalence of scurv) among 
Dritish sailors and believed lint it vras due to the lack of fresli fiKxI 
es|)eciall) fruits and vegetables His recommendation to the government 
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of the day that lime juice be supplied to all ships of the Rojal Nav) ^'.^as 
eventually aclojited with excellent results Thus the sobnquet lime 
juicer or limey for the British sailor had its origin Even today scurvy 
makes us appearance on exploration pirlies and during wars or in times 
of famine when it is impossible to obtain foods containing adet|inte 
amounts of the aiuiscorbiitic viiamin The chemical name for this \iia 
mm IS ascorbic acid It is also known by the etymologically objectionable 
name of cevilamtc actd The nchest natural sources are lemons Jmics 
oranges apples and other fresh fruit turnips tomatoes and green vege 
tables Ascorbic acid Ins been synthesized 

Vitam n D tlie ontrachtc vlamn Deficiency of this vitamin is the 
cause of nckeis (ndiiiis) a disease of young children m w Inch the bones 
have not the normal rigidity and strength because they contain less than 
the required amount of mineral — calcium and phosphorus Vitamin D is 
necessary for the concentration of these minerals ts calcium phosjilntc 
m the growing bone Deformities of the skeleton result (Figs SI f M 7) 
Rickets IS more likely to appear during the winter montlis than during 
the summer becuise certain rays of the sun produce the vitamin in the 
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skin of human subjects or of aniniah (Fig 31 8) Also the best food 
sources — fresh fish eggs and milk from cons tltat are receiving the \in 
mm m their diet — are more generally available m the summer months 
This Vitamin should be supplied »n adequate amounts to infants and 
very joung children if proper bone development is to take place It is 
available in conceniriied form m cod liver oil or as cnlcif^rol, vvlitch is 
produced by the ultrav lolei irratlntion of ergosierol The latter substance 
IS also known as vitamin D whereas that produced by the action of 
ultraviolet light upon the skin and m cod liver and milk is called vita 
mm Dj (There u no vitamin D, ) The substance in the skm that upon 
exposure to uUtavjolet light ts converted to viiamm D, is a sterol closely 
related to ordinary cholesterol and associated with it in minute amounts 
It IS cilled 7*<leh)(lrochoIesterol 

Only the shorter uUraviolet ra>$ are capable ot producing vitamin 
D from ergosterol or from 7 dehydrocholesterol The active ni)s will not 
pass through ordmary window glass 

VitaminE the ant sfer I fy v lam n Vitamin E has been shown in animal 

expenments to be essential for the normal functioning of the reproduc 
live system Female rats fail to give birth to living offspring if they ire 
depnveil of this vitamin On a similar diet male rais become sicnle 
Vitamin E IS found most abundantly m leafy aegctables and wheat germ 

Vtomn K the ont hemorrhog c vtomln AVhen the body lacks this vita 
mm the prothrombin of the bltxid (Ch 7) becomes reduced and as a 
consequence the coagulation of the blood is greatly delayed Serious 
hemorrhages therefore may follow otlierVMsc trivial wounds Viiamin K 
15 synthesired m the intestine of many animals as well av of man Thu 
means that it may be lacking from the diet with no dl effects But the 
presence of bile m the intestine is necessary for its ibsorption As a 
consequence in jaundice due to obstruction ot iJiC bde passages vita 
mm K IS not absorbed the blood clotting mechanism is defective am 
severe hemorrhage may result Owing to this risk surgeons were rcfuctait 
to operate upon a severely jaundiced patient Now the proi uom u 
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concentration of tlie blootl of sucli patients can be raisetl to normal be- 
fore operation b) injection of the sitamin or b) giving an absorbable 
(v\aier soluble) sjnthelic preparation of it b) mouth 

A serious hemorrhagic disease of the neubom is caused b) a lack of 
this vitamin the protliromhin level is greatlj reduced But if the baby 
can be tidetl over the first day or luo after birth by the administration 
of the vitamin, the condition corrects itself, for the vitamin is svmhesizeil 
by baciern introduced into theintesiweieith thefood 

Vitamin K is present in greatest amount m green plants — for exam 
pie, clover and spinacli — ^and m cauhilotierand cabbage 
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The Kidneys and Skin 


THE KIDNEYS 

Each human kidney is about 4i/, mclics (11 an) long 
2y2 indies (6 cm) broad and a Iiule over 1 inch (3 cm) thick. The 
kidneys are bean shaped organs l)ing postenor to the peritoneum one 
on eadi side of the vertebral column and sheltered behind by ilic clev 
enih and tuelfth nbs The convex border of eicJi kidney is directed lai 
erally, tlie concave border mednll), that is tovsard tlie vcrtcbrnl column 
(Ffg 32 I) The left organ is a little higher than the right A large branch 
of the aorta — tlie renal artery — enters the center of the kidney s concave 
border and breaks up w ithm its substance into short branches and finall) 
into arterioles and capillaries The blood is collected again by numerous 
small veins These join together to form a single large icin — the renal 
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vein — uhicli leaves the kidney close to the point where the artery entered 
This part of the kidney at the middle of us concave border is called the 
hilum It consists of a vertical fissure tfiat leads into a cavity called the 
renal sinus 

The ureter is the muscular tube that conveys the urine to the urinary 
bladder Its upper expanded end fills the renal sinus and is called the 
pelvis of the ureter jt divides within the sinus into a number of smaller 
cavities called calyces (sing calyx) 

The internal structure of the kidney If a kidney is sliced lengthvMse 
through Its center tv\o zones an outer and an inner will be evident 
The inner zone called the medulla is pale and consists of a number of 
pyramidal masses with their apices projecting into the calyces of the 
pelvis of the ureter They are known as the renal pyrnmids and their 
apices in the calyces as the renal papillae The outer zone of the sec 
lioned kidney is dark red in color and is called the renal cortex It dips 
into the intervals betvveen tlie pyramids The pyramids when examined 
with a hand lens show fine alternating light and dark lines The lighter 
of these striations are continued outwards through the more granular 
cortex they are calletl the medullary rays (Fig 32 2) 

The nephron The kidney contains great numbers of microscopic 
filters called glomeruli (sing glomerulus) There are about a million of 
these structures in each human kidney Blood is earned to eacli glomeni 
lus by a single aflcrcnt artenolc, one of the numerous minute branches 
of the renal artery The afferent arteriole gives nse to about 50 capillaries 
that are bent into short loops but the separate loops cannot be easily 
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Rg 32 3 (f ghi) D ogrora of a glomerulus of tlie kidney Note iSol cop llortei pa« 
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distinguished the uhole appearing as a tangled red skeinhke structure 
called the glomerular tuft. The capillary loops comerge into a second 
fine vessel— 4he efferent arteriole — which carries the blood from the 
glomerulus The glomerular tuft of capillaries is invaginated into a small 
membranous sac called Bm^tnans capsule (Fig 32 3) Into the o\uy of 
the capsule water salts glucose urea, unc aad creatinine etc. are 
filtered from the blood flowing 
through the capillanes of the tufu 
Bowman s capsule is drained by a fine 
tube called the renal tubule. From 
Its commencement at Bowman s cap- 
sule the renal tubule runs a tortuous 
course for some distance this por 
tion is called the proximal convo- 
luted tubule It tlien straightens and 
descends toward tlie medulla but 
turns back again to form a hairpin 
bend called the loop of Hcnle This 
ascending limb is continued into a 
second coded segment called the 
distal convoluted tubule (Fig 325) 
Each glomerulus and the tubule as far as the end of the distal con 
soluied tubule is the essential unne-fonnmg unit of the kidney This 
set of structures with thetr tessels is called a nephron The distal con 
soluted tubules dram to a system of wide tubes called collecting tubules 
The nephrons he for the most part (renal corpuscles and convoluted 
tubules), in the cortex Heufes loops and the collecting tubules are 
situated mainly in die medulla The collecting tubules are merely con 
duits they perform no speafic renal function Tliese channels by a senes 
of unions form tubes of ever increasing caliber as they descend through 
the medulla They end as a tew relatively large tubes — the ducts of Bel 
lim^ — which open into the pelvis of the ureter at the summits of tlie renal 
papillae 

A microscopic section of renal tissue is shown in Figure 32 6 
Signrficcmt features of the renot eircwlafon (J) The renal artery is a 
short wide branch of the aorta that breaks up into its branches imme 
diately upon entering the kidney This ensures delivery of the blood at 
relatively high pressure. (2) Tlie efferent glomerular arteriole is con 
siderably narrower than the afferent vessel another fact that provides 
for a high glomerular pressure and adequate filtration Furthermore the 
glomerular pressure can be readily increased by dilatation of the afferent 
arteriole or constriction of the efferent vessel or the pressure can be 
reduced by contrary changes in the calibers of these vessels. (3) The 
tubules are supplied with blood that has fint traversed the glomerular 
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EFFERENT 

AFFFRFNT ARTERIOLE pRnviMfii 



capillaries Disease lint dcstro>s ihc hucr ilicrcfoie micrferc wiih 
the blood suppl} to (he loit cr parts of tlic nephron 

Filtration through the glomerulus In the siruciurc of the glomerulus 
are all the requirements of a perfect filter A fliinl connuung solid niatC' 
rial can be filtered oIT from such material by pouring it into a funnel 
lined by a cone of special paper (filter pajwr) that is permeable to the 
clear fluid itself but holds back the solids The weight of tlic fluid itself 
forces It tliiougli 'ind thus brings about the sepiraiion ^Iolc elaborate 
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filters base been tlesised in r>Uch a raembnine is used instead of paper 
and the pressure on one of its surfaces is much greater than on the other. 
The glomemlus is such a filter. The Buid to be filtered is the blood, and 
the trails of the glomerular capillaries togetlier nith the la)er of Bon- 
man's capsule that cmers them con- 
stitute the filtenng membrane. The 
pressure of blood m the glomerular 
apiJlaries is much higher than that 
in any other capiliaiy of the body. Jt 
amounts to 60 or 70 mm Hg. The 
pressure on the other side of the 
membrane — that is, in Bowman's 
capsule — is only about 5 mm Hg 
The glomerular membrane offers a 
complete barrier to the passage of 
the blood cells. The membrane also 
presents the large molecules of the 
colloids, that Is, the proteins, of the 
plasma from escaping into Bowman’s capsule. The filtered fluid contains 
all the other constituents of the plasma and in the same concentrations 
as in the plasmx The fluid Altered into Bowman's capsule is therefore 
identical in composition ssitb plasma that has been freed of its proteins * 
Thougii ea^ glomerulus filters a very small quantity of fluid in 
24 hours, the solume filtered by all combined may amount to 150 liters 
or more daily 

The co/icentration of the filtered fluid ond the kidney's function in the 
formation of vrlne- The fluid filtered through the glomertilar capillaries 
is not urine. The function of the kidney intohes more than a simple 
process of filtration The \oUime of the urine is only one 
the solume of the fluid that enters Bowman’s capsule. The urine b also 
much more concentrated than the filtered fluid — that is, it contains more 
solids in solution, and the proportions of its mrious consuiuenu are 
different (Table 32 2) It contains no sugar, for example, but its con- 
centration in such nitrogenous svasie substances as urea, unc add, and 
creatinine is many times greater than that of the fluid filtered from the 
blood. The comersion of this dilute fluid into the concentrated urine is 
brought about by the reahsorption into the blood, from the tubules, of 
soier and of those essential maienals that die body cannot afford to lose 
in unlimited amounts — namely, calcium, sodium, poiasstura, magnesium, 
and sugar. Though each tubule is only about 2 inches long and less than 
inch in diameter, the combined length of all the tubules of one 
human kidney is about 40 miles and the total absorbing surface more 

iTh« iiaina^nt has been proved fonclusnejy bj 3na))^ing a sample of fluiil 
drawn under Ihe microscope from Bowman's capsule b) means of a icry Bnc pjpeiie 
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than 6 $quire yards Water and those substances that the tubules reabsorb 
and return lo the blood in relatuely large amounts — namel) sugar and 
the essential minerals — are called high threshold substances t%hich means 
that they are excreted in the urine in smil! amounts or not at all unless 
they are in abnormally high concentration in the blood Those sub 
stances dial the body discards and that are concentrated m the urine — 
that IS uaste materials such as urea and uric acid — are called lou or 
non threshold m&teu’xh (Fig 32 7) 

The quantity of thaler reabsorbed from the tubules amounts to 98 
or 99 percent ol the total volume of fluid filtered from the plasma Thus 
in man some 150 liters of fluid are filtered into lloumans capsule in 
21 hours but only beis\een 1 and 2 liters of urine are producetl in this 
lime The balance of the filtrate has been reabsorbed Tbe ability to con 
centrate the unne is one of the most im])ortant functions of the kidney 
It is lost m the more advanced stages of renal disease it is not possessed 
by losser orders such as frogs and is not accjuuesl by the human kidney 
until several months after birth This is the principal reason for the large 
volume of unne passed by infants 

Other functions of the kdney The formation of unne is of course very 
closely bound up with the kidneys really essential function of regulating 
the composition of the blood and other body fluids By excreting acid 
and preventing the excessive loss of base the kidney is of paramount 
importance in maintaining the alkalinity of the tissues The fluid filtered 
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into Botv-man s capsule is alLalinc m reaction like the plasma but in 
passing througli the tubules base is returned to ilie blood and the urine 
becomes aad The kidnej also senes to render certain toxic siibsunccs 
innocuous Hnallj it produces and excretes ammonia combmctl until 
aads Thus b) the use of ammonia for the ncnmluation of nacls %-alu 
able base for exnmjile sodium isconsened The ammonia is produced 
from glutamine bj the renal cells 

In kitlne) disease and acute or clironic nephritis the kulnc) |>er 
forms Its functions >er) im/ierfecil) and fmall) fids The compouuon 
of the body fluids is greatly altered from the normal Nitrogenous sub- 
stances sucli as urea and uric aad accumulate in the bexly and the con 
ccnirations of the \nnous salts in the blood are abnormal The alkali 
reser\e is reduced and the urine solume declines Uremia as a result of 
uhich Uie patient usually dies follous these changes The pnnapal signs 
and symptoms of uremia arc physical and mental fatigue muscular 
spasm exaggerated tendon reflexes urinary odor of breath and drerwsi 
ness merging into coma Complete failure of renal function is called sup- 
pression of urine oranuna 

The qwont ty and compont on of the orme The adult human bod) ex 
cretes on the average from I to 2 liters of urine in 21 hours More urme 
18 formed during the Making hours than during an equivalent period ot 
sleep though the total quantity of vaste products excretetl during the 
tMo periods is about die same the night urine being merely more con 
ccntraied The greater volume of urine formed by infants has been 
mentioned Tlie nmouni of unne produces! vanes of course vnih die 
amount of fluid dnink and that lost through the skin and intestines. 
A rise in blood pressure in the vessels of the kidney since it increases the 
filtration force in the glomcridiis increases the amount of urme formctl 
Dilatition of die capdlancs ni the gjomeruhis also incrcavcs urine pro- 
duction because the total filtering surface is then increased Tint is one 
reason why certain substances such as coffee and tea inacasc die urinary 
flovs They contain caffeine which dihics the renal vessels Cold con 
stricis the vessels of (he skin and causes more blootl m consctjucnce to 
flow through the kidney In these arcumstanccs the urine is also in 
creaseil in amount (sec also diiirciw below) 

The urine is shglidv aad its speofic gravatv is 1002 to 1050 The 
chief sufistanccs it connms arc given in Table 32 I 

The degree to which the v~irious constniicnis of die plasma art con 
ccntraicil by the kidney is shown in Table 32.2 

Drugs and other substances taken into the body and not rctiuitcvl 
are promptly excretetl m the urine Certain dves pass from die body m 
die urine staining it various colors Patent medicine maniifacturcrv make 
use of this faa and put dyes into iheir pills to impress and fool fie 
unwary public. Another practice of the patent medicine advtruscr if m 
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TABLE 32 1 

COMPOSmON Of THE URINE 
I fnorgcintc constituents 


Chloride expressed as NaCI 

Groms per / ter 

90 

Phosphorus expressed os P.O^ 

20 

Total sulfur expressed os SO] 

1 5 

Sodium expressed as No O 

40 

Potassium expressed as K-.0 

20 

Calcium expressed os CoO 

02 

Magnesium expressed os MgO 

02 

Iron 

0003 



11 Nitrogenous constituents 


Groms per Iter 


N Irogerij 

groms | 

Urea 

25 0 

containing opproximatel/ 

100 

Ammonia 

06 

containing opproximately 

04 

Urie acid 

06 

containing approximately 

02 

Creatinine 

1 5 

containing approximately 

05 

Undertermined nitrogen 

06 

containing opproximotely 

06 

Total 



11 7 


TABLE 322 


(After Cttshny) 


Plasma constituent 

1 ConcenIfolion, 

1 grams per 100 cc 

Change ir> 
concenfrotion 

1 Blood plasma 

Urine | 

in kidney 

Water 

\ 90 93 

95 


Proteins, fats, and other colloids 

79 

0 


Glucose 

01 

0 


No 

030 I 

0 35 

1 

Cl 

0 37 ! 

06 

2 

Urea 

0 03 

2 

60 

Uric acid 

0004 

0 05 

12 

K 

0020 

015 

7 

NH, 

! 0001 

0 04 1 

40 

Ca 

, 0008 

0 015 1 

2 

Mg 

1 00025 i 

0 006 

2 

PO. 

0009 1 

0 15 

16 

SO. 

1 0002 1 

018 

90 

Creatinine 

1 0001 

1 

0075 

75 





442 - A^efafco/ism and Nutrition 

try to cominee tire public lint pain in the back is a sign of kidney dis- 
ease The kidney ishen diseased leiy rarely gives such a sign kVe all at 
some time or other have suHered from back pain but this iisuall) arises 
from the muscles attached to the spine and is not due to any abnormal 
condition of llie kidney 

TJiougli as mentioned ibo\e the jirotem of the blood does not m 
health appear m the urine in kidney disease the membranes of the 
kidney may hate become so deteriorated that protein matenal (usually 
albumin) and sometimes red cells leak into Bowmans capsule These 
abnormal constituents can be detected by speaal means In diabetes the 
amount of sugar (glucose) in the blood is much greater than normal 
The kidney tries to remQ\e the excess and large quantities of glucose 
are passed in the urine As mentioned abo\e the urine of a healthy 
person ts pncticnily free from sugar It is all reabsorbed m the proximal 
comoluied tubule 

D uresis Increased flow of urine is caJletl diuresis and drugs that 
cause such an effect are known as diiireticJ The group of drugs includes 
caffeine (of coffee) t/ieoi/romine (of cocoa) thcopJiylUne (of tea) urea, 
and various salts for example potoisium nitrate potassium citrate am 
tnontum chloride, sodium sulphate and certain mercury compounds 

It ts etideni from the outline of the mechanism of renal excretion 
just given that there are two ways by which a greater flow of urine could 
be produced — namely by maeasing glomerular filtration or fay diminish 
mg tubular reabsorption 

In some species botii methods are employed but m man increased 
urinary produciion is brought about nearly ahmys by reduemgreabsorp 
lion 

Diuresis caused by water rfriiiAmg The drinking of a large qitan 
tity (I to 3 pints) of water is followed wiihm 60 minutes or so by the 
passage of a large volume of very dilute unne (sp gr around I 001) 
The reml effect lasts for 2 or 3 hours Tlie resembhnee of this response 
as well as the very ddute nature of the urine to the chiractensuc renal 
features of diabetes insipidus (due to the lack of the antidiuretic pri/i 
aple of the pituitary body) lias long been recognized The suspiaon 
grev% that m the medianism of water diuresis the antidiuretic hormone 
of the pituitary was m some way involved The results of recent expen 
ments have shown how well founded was this suspicion Without going 
into details the course of events will be briefly described The ingested 
water after absorption from the intestine causes llirough dilution a 
slight fall in the osmotic pressure of the blood The blood dilution exerts 
an effect upon certain nerve cells of the brain (their exact location is 
unknown) that are extremely sensitive to any change m the osmotic 
pressure of the blood with winch they are supplied The nerve cells— a 
type of receptor organ (Ch 33) — are called osmoreceptors Tlirougi 
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nervous connections tviih t!ie cells of the posterior lobe of the puiunry 
gland the osmorecejitors in response to i los'cring of phsma osmotic 
pressure exert an inhibitor) action upon the output of the intidiureiic 
hormone Inch under ordinary conditions is being continuall) secreted 
into the blood stream and therefore constant!) exercising us cliancier 
tsiic action upon the function of the kidney (Ch 88) Tlie wuhdnss'al 
of Us influence results m an increase in urine lohime tint is diuresis 

During a period of water deprivation the kidnc) conserses us water 
stores The solume of urine is reduced due to the liberation of an excess 
of tile intidiuretic hormone Again the effect ujion the pituitary is 
brought about b) a cliange in the osmotic pressure of the blood but now 
the effect upon the osmoreceptors is in the opposite direction for the 
deprivation of water has caused some slight increase in blood concen 
tration and consequently a rise in its osmotic pressure 

The reduction in urine volume caused by the injection of a small 
quantity (0 001 cc) of pituitary extract into the inierml carotid artery 
can be duplicated exacti) by 10 cc of a 25 percent (hypertonic) solu 
lion of sodium dilorule or of sugar mirotluccil in the s ime manner into 
the cerebral circulation for such hypertonic solutions cause a rise in the 
osmotic pressure of the phsmi of sufficient m ignmide to affect the 
osmoreceptors 

The role pla)cd by the adrenal cortex in reml funciion is touched 
on in Chapter 40 

The anatomy ond physiology of the structures concerned In the 
collection and voiding of the vrtne 

The ureters (Fig 82 1) are two muscular lubes about 10 inches (25 
cm) long that extend one from cadi kidney to the bladder They arc 
excretory ducts of the kidney They he behind the penioneiim and are 
composed of an outer cirailar and an inner longitudinal coat of smooth 
muscle They are lined by mucous membrane like that of the bladder 
the surface epilliehum is of the transitional type (see below) The ureters 
pierce the bladder wall obliquely so that vshen the latter romracts to 
expel Its contents the ureteral openings aic blocked and thus any reflux 
of urine prevented The upper expanded part of the ureter has been 
described Perisiiltic vvaves descend tlie walls of the ureters at regular 
intervals and carry the urine into the bladder 

The bladder is the receptacle and reservoir for the urine It has an 
average capacity of 220 cc (see Fig 19 M) It lies m the pelvis and is 
covered only on its upper surface and the upper part of its lateral wnlls 
by peritoneuin Its muscular coat generally known as the detrusor miis 
cle consists of three layers an outer and an inner of longitudinal fibers 
and a midille one of circular fibers It possesses a mucous and a sub- 
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mucous coat The surface cpitlielium of the former is transtlioml in t)pc 
It resembles the straiificil squamous t)pc but its most superficial cells are 
round rather than scalehke (Ch 2) The triangular area of the bladder 
marked oil by the orifices of the ureters and the urethra is called the 
trigone 

The circular hjer of muscle fibers is thickened it the neck of the 
bladder %\hich is the most dependent pan of the organ uhcre it opens 
inio the urethri This thickening of the circular fajer constitutes the 
internal sphincter or sphincter icsicae it extends beyond the bladder 
to surround ilie commencement of tlic urethra 

The urethra is i lube leading from the bladder to the exterior The 
length of the male urethra is about 8 inches (18 to 20 cm) that of the 
female only about 2 inches In the male the first inch or so of the urctl ra 
IS surrounded by the prostate the remaining part except for i short 
length (2 cm) below the prostate called the membranous urethra is sur 
rounded by i miss of erectile tissue (Cli 'lO) knots n as the corpus spon 
giosum A band of circular muscle fibers surrounds the membranous 
ureilin it is known is tlie extema! sphincter or the sphincter urethrae 

The evQcualQn of the bladder The vodng of urme or incttiriten As 
urine gradually collects withm the blidder the pressure uithin the mscus 
shot s \ery httlc change for a time the (one of the detrusor muscle adapt 
ing reidily to the increiscd tolumc (see |>ostural tone CIi 21) Not until 
(he urine lolume is between 200 ami SOO cc does any noticeable rise in 
niicmal pressure occur Rlqthmicil contractions of the detrusor muscle 
then follow in response to the tension exerted upon the muscle fibers 
The contractions ire ttcik it first but gradually gaming strength as the 
urine tolume incrcisct culmimic in i stiong rcilex contraction of the 
blidder sull iccompinicd b) rclixation of il c internal sphincter 

The act of micturition though dependent upon reflex mechanisms 
IS in the adult scr) largely under soliiiitir) control The rcilex contrac 
lions of the detrusor can be mlubited and conirictions of the internal 
sphincter induced b) an effort of the smII Thus the reflex meclianisms 
can be rcsimmed until in oppominit) for loiding the urine presenu 
itself Tbe restraint is then remoscti ind the contractions of the bladder 
wall that ensue are reinforced b) loluntiry nerve impulses tnnsmitted 
along the motor nencs suppJjing (he detrmor muscle A rise jn mini 
abdominal pressure due to coiitncttoiis of the abdominal muscles and 
fixitioii of the diaf hragm m the inspirator) position usually precedes 
and accompanies the act of micturition However a voluntary movement 
of this diameter is not csscntnl the bladder mechanism being capable 
Itself of cxjvclling the urine 

The motor fibas to the detrusor muscle and the inhibitory fibers to 
the internal sj hmeter ami trigone arc denvctl from the pirasyinpathclic 
division of tlic imonomic nervous system througli llie pelvic nenes (sec 
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ond, third, and fourth sacral segments) Tlicse fibers are jieculiar in that, 
as indicated abosc, the) transmit soluntar) as A\en ns insoluntnr) im 
pulses to the detrusor muscle 

The s)mpathetic division of the autonomic nenous S)stem exerts an 
opposite effect upon the movements of the bladder Through the hypo 
gastric nerves it transmits inhibitor) impulses to the detrusor muscle and 
motor impulses to the internal sphincter and trigone 

The external sphincter of the male, whicli is composetl of striated 
muscle is supplied VMih motor fibers through the pudendal nerves The 
afferent nerves of the reflex arc governing micturition run mainly m the 
pelvic nerves 

The centers of the micturition reflex are situated in the mulbraui, 
pons, and sacral jiart of the spmal cord (second, third, and fourth sacral 
segments) Micturition is carried out through the spmal center when the 
cord IS severetl above the sacral region Even after destruction of the 
spinal center, the bladder empties automatically, its movements being 
tlien brought about through the nerve plexuses in close relation to the 
bladder wall 

The nervous medianisms through vvluch restraint is exercised m the 
control of micturiiion—ihat is the inhibition of the mictuntinn reflex— 
1 $ late in developing to the state of efllaenc) where as in a health) adult, 
the urine can be retained in even an uncomfortably distended bladder 
In infants, urine is voided involuntarily, apparently no effort being made 
at restraint In )Oung children, though tliere may be complete control 
of the act of urination during the da), the empi)ing of the bladder dur 
mg sleep, ‘bed ucKuig, or nocturnal enuresis, as it is cailcvl is of 
common occurrence The age at which restraint is full) developed— at 
night as well as during the da) — vanes witJi the nervous constitution of 
the child and with his training but is usually established except for an 
occasional lapse under unusual circuinsiances, at 3 or 4 )cars In persons 
of neurotic disposition nocturnal enuresis ma) persist into adult life and 
in the feeble minded rcstaini may fail to be exercised either during sleep 
or in the waking hours 


THE SKIN 

■\Vhereas the skin forms a complete covering for the outer surface 
of the bod), the digestive and respiratory tracts, and other tubes or 
cavities that open into the digestive tract or to the outside world are 
lined b) a soft, dark retl velvet) tissue called mucous membrane, tins 
latter membrane has been described in Cliapter 21 

Next to the bones, tlie skin ami the structures that grow from it, sucli 
ns the nails of man and the claws horns, and hoofs of animals, arc llic 
finiicsi and toughest tissues of the bod) 
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The layers of the skin If i \cry thin section of skin is made perpen 
diailar to the surface and examined under the microscope, sei-eral hjers 
of closel) packed cells (stratified epithelium) will be seen (Fig 32 R). 
The outer lajers of cells are flu and resemble scales (squamous epi 
thehum) The> are resistant and rclamcl) hard (bora) h)cr) The 
cells of the underljing label’s aie more rounded and become masscil 
together to form tongues that project into the true skin belou Tlicy 
contain a dark pigment The deepest lajtr is comimscd of a single roi\ 
of columnar cells The skin pigment is greater in amount In some jwr. 
sons than in others and also \ancs great!) in liifTcrcnt races The Negros 
skin Ins a high concentration of pigment, the skins of American and 
East Indians Chinese and Japanese hate less and the while races ftasi. 
All the la)crs of cells described abose are together called the epidermis 
cuticle, or scarf skin No blood tcsscis or nencs arc found in an) of 
these layers The superficial cells are being continually shed and replaced 
by othera that moic up from below T/ic thickness of the epidentiis is 
different m the s-arions regions of the body, on the eyelids for instance 
u IS no more than 'nch thick. On the soles of the feet or palms of 
the hands especially in one who performs hard manual labor, it may be 
^0 indi thick or more 

Beneath the cuticle is a meshwork of connective tissue fibers winch 
arc very elastic For this reason the skm as wc know can be stretched 
very easily, and when relcasetl a quickly spiings back again into place 
This deep pan of the skin is called the corium dermis, or true skm 
It IS heaped up into mounds or hillocks (papillae), which lie between 
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projertmg tongues of the o\erl)ing cuticle In it are found blood %cssels 
ner\« and s\\eat glands Beneath the true sl-in is a la^er of conncctiie 
tissue containing a sanable quantity of fat, it is called subaiiaiicous 
(issue The subcutaneous tissue is much thicker m some parts of the bod) 
than in others and sen.es as a padding to tound out certain uncsennesses 
in the body surface or to cushion its bony parts The amount of fat also 
vanes in different people and is thicker usually, in a\omen than in men 
The ha rs The skin over all regions of the bod), with very few excep- 
tions sudi as the palms of the hands and soles of the feet is covered 
With hairs Except in certain regions such as the scalp and the faces of 
men they are very Fine and short The part of the hair we see above the 
skin is called the shaft, the part lying below the skin surface is called a 
root Each hair has its root planted deeply in the true skin or in the 
layer of fat benenh this The 
root runs obliquely upward 
through the cuticle and is 
completely enclosed in a little 
tube called the hair follicle 
(Figs 32 8 32 9) The sliaft 
or visible part of the hair, 
does not rise straight up from 
the surface of the skin but is 
slanting like a blade of grass 
blown by a breeze The hairs 
m any one part of the body 
all slant in the same three 
tion A network of fine nerves 
surrounds the hair follicle 
where it lies in the true skin, 
and that is why pulling the 
hairs IS so painrul The or r, Cou ..o, on ot = halt tool 

gans of touch (Clu ^7) he in 

the true skm close to the hair follicle — ^jusi beneath that region of cuticle 
that lies on the windward side of the hair shaft Hence a slight move 
mcni of the tips of the hairs causes a sensation of toucli because the 
movement stimulates the neighboring touch organ Small glands (seba* 
o^us glands) in the true skin pour an oily material into the hair folli 
cles vvhicli lubricates the hairs and oozes out on the surface of the skin 
The sweat glands These are liny coded tubes lined with cells that 
draw fluid from the blood to form a secretion called sueat or perspira 
tion The little gland lies in the true skin but it sends its secretion along 
a spiral tube that passes through the cuticle and opens by a small mouth 
upon the surface of the skm The mouths of the sweat glands arc often 
called the pores of the skm 



448 - Alefabo/ism ond Nufrifion 


The nails The human nails the claus horns and hoofs of animals 
the antlers of stags and the horns of rhinoceros are simplj the cuticle 
of the skin that has been hardened and othenvise cliangcd jn character 
The nails and the hard structures just mentioned groi\ from the true 
skin The root of the nail is the buned part entered b) ordmarj aiiiclc 
(Fig 32 10) In the root, the cells forming the soft deeper }a)ers of die 
skin, as they grow outward are turned into the stiff and hardened i>i»e 



so characteristic of the homy material of wellformnl 
nails The daws and hoofs of animals also each hate a 
root w here this change takes place. 

The funct ons of the sk n ond mucous membranes The 
skin has four important functions to perform These are 
(1) proteaion (2) excretion (3) the regulation of bod) 
temperature and (4) the production of satamin D upon 
exposure to sunshine (Ch 31) The firm msensiiite 
cuticle protects the underl)ing delicate tissues with their 


Fig 3210 The scnsiUte nertcs and imporunt blood scsscls How ex 
fngernal quisucly sensitise the flesh is when the outer ]a)ers of 


skin hate been remoted after a burn or blister is known 


to us all The hard resisting outer layer of skin and the mucous mem 
branes also serve as barriers against most microorganisms Once one of 
these barriers is broken down by some injury such as a cut or a bum 
bactena which are everywhere about us find the weakcnctl spot in the 
body s defenses It is of the greatest imirartance therefore that any open 
ing m the skin be thoroughly cleansed to rid a of any infection that 
may hate found a foothold A dressing must then be put on to prevent 
any other bacteria from geitmg in Infection of the denuded surface is 
probably the most serious danger of an extensive burn 

The body excretes its waste material cliieflt ilirough the lungs (nr 
bon dioxide) the kidneys (urea uric acid etc.), and the bowels but 
the skin though much less important as an excretory organ than these 
three nevertheless docs excrete small amounts of waste materials in the 


sweat When for any reason the other oigans fail in iheir excretory 
powers the excrctora functions of the skin increase. But even in healih 
small quantities of carbon dioxide are given off by the blood through 
the skm and the sweat carries away a little of the urea and uric acid The 
mucous membrane of the bowel is a very important pathway along which 
many substances are excreted from the blootl Its absorptive functions 
have been spoken of elsewhere The imponanl part plavcd by the skin m 
regulating the temperature of the body has also been described (CIi 29) 
Skm when its vessels are constneted icgeiher with the layer of fat 
lying beneath possesses insulating qualities of a high order It is 
parable m this regard to a layer of cork of the same tliickncss. Tlius heal 
IS conscrveil in cold wcalbcr In hot weather the cutaneous vessels dilate 
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and hent is radiated from the bloo«l to the surroundings The evaporation 
of water secreted by the sweat glands is an additional meins wherebj 
heit IS dissipated (Ch 29) 

The color and temperature of the skin The color of the skin apart from 
that due to pigment — that is its pinkness blueness or pallor — is due to 
the quantU) and the state of the blood in i plexus of small veins l)ing 
in the corium just beneath the papillae and known is the subpaptUary 
venous plexus The temperature of the skin is dependent »n part upon 
the blood flow in this plexus and also upon the blood in more deep!) 
lying vessels the heat being then conducted to the surface through the 
overlying skin \\hen the vessels of the subpapillary venous plexus are 
dilated and the blood flow through them is rapid the skin is red and 
hot if the vessels of the plexus are constricted the skm is pale though 
not necessarily cold for the blood in the deeper vessels may be filled with 
warm rapidly flowing blood even though giving no color to the skin 
When the arterial blood is not fully oxygenated or the blood flow 
through the ydexus slow as m heart failure and the vessels of the plexus 
are dilated or at least not strongly constricted the skm has a bliiisli tint 
owing to the high proportion of reduced hemoglobin in the blood of the 
subpapillary venous plexuses (see onoxia and cyunoiii Ch 21) 
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THE MICROSCOPIC STRUaORE OF THE NERVOUS SYSTEM 

Not until (he microscope had been discovered could even 
the faintest idea of the te'cturc of the nervous tissue be formed And 
not, of course, until tlie structure of nervous tissue was known could an) 
clear knowledge of the functions of the nervous s)stcm be gained The 
central nervous sjstem (brain and spinal cord) is made up of a vast 
number of nerve cells bound together b) a special kind of connective 
tissue called neuroglia 

The nerve cell 

The nene cell (Fig 33 I) ss aho called a neuron It has a bodv, 
which may be rounded, pyramidal, oval or star shaped The shapes and 
sizes may vary in different regions of the central nervous svstem Some 
nerve cell bo<hes are quite large, others arc small The outstanding fca 
ture of nerve cells is their possession of two or more extensions of their 
protoplasm known as processes The processes are of two kinds One 
kind in Its most typical, but bv no means invariable, form is short with 
manv branching like the limbs of a tree For this reason it is callcil a 
dendron, dendnie, or the tlendT$Uc proccts (Gk dc/idron, a tree) The 
dendron may be single but more commonly the nerve cell {losscsscs two 
or more Tire other kind of jirocess, which as a rule springs from the 
•152 



Microscopic Sfrucfure of^^he Nervous Sysfem - 453 



Ftg 33 f 5oiW fh^ cammatier of tterve cet! ?, pjrodtKh) celt 
from the motor area of the cerebral cortex with long oxon that connects 
With cells of the spinel cord, 7, fusiform cell with short axon; 3, cell 
from the cerebellor cortex (Pvikinie cell), 4, unipolar cel] from o gan- 
glion of a posterior spinel nerve root, 5, cell with short axon from the 
Cerebral cortex, 6, motor cell from the onterlor horn of the spinol cord, 
its iong axon constitutes a fiber of a penpheroi nerve trunk o, oxon, 
b, body; d, dettdiile 

opposite poJe of the cell, w ctWkI Ihe a-von, or the oxts cyhndfr process 
III us most common form it is long and slender, but it miy be short 
tvith many branches The axon is ahvays single The tuo processes — 
dcndron and axon — arc “oncwaj” lines The dendron carries impulses 
to the cell bod), the axon carries impulses from llie cell body Ncuhcr 
process normally transnuts both tsiys (sccCh 35) The nen, e processes — 
axon and demiron — though often quite short, may be very long — several 
feet, indeed The nerves of the body arc simply great numbers of these 
long processes — now called filters — bound together into cahlelike bundles 
The adjective afferent (L. ad, to + /erre, to bear) is applied to those 
processes of nerve cells, that is. the dendrites, tint comhici impulses or 
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messages toward the bod) of the rell whether they are m the central 
ner\ous s)stem or in a peripheral ner\e The adjectite is also applied to 
the impulses themsehes One may therefore speak of afferent fibers or of 
afferent impulses The word efferent means conduction in the reserse 
direction as occurs in the axons Centnpeta! and centrifugal are corre- 
sponding terms used to denote incoming and outgoing impulses respec 
tively Thus sensory nerses — for example nerves of touch pain sight 
etc — are composed of afferent fibers or dendrons Nerves dial carry 
impulses to muscles and glands are called efferent they are composed 
of axons 

The terms afferent and sensory are sometimes used as though they 
were synonymous but tins is not strictly correct Only those afferent 
fibers that transmit impulses to consciousness are truly sensory other 
afferent fibers that carry impulses to the centers of the spinal cord or the 
brain sudi as the cerebellum pons and medulla oblongata and that give 
rise to no sensation cannot properly be called sensory Therefore though 
all sensory fibers are afferent not ill afferent fibers are sensory 

Minute structure of the nerve cell body Like almost all cells in the am 
mal body the nene cell possesses a nucleus situated usually at or near 
Its center The surrounding protoplasm when stained with certain dyes 
shows numerous small dark angular flecks of granular matenal They 
are known as Vi«/ bodies They are arranged roughly in rows that give 
a striped tiger skin appearance to (he body of the cell and on this account 
are sometimes referred to collectively as the itgroitl substance The Nissl 
bodies are most pronounced in the resting cell during activity they be 
come reduced in number and m the fatigued or exhausted cell may dis 
appear entirely for a time. \ery fine lines are to be seen streaming into 
the body of the cell from the axon and dendrons They are known as 
neurofibrils and are seen as fine lines in the cytoplasm along which the 
tigroid substance appears to be disposed (Fig S3 2) 

Gray and white matter The grayish color of certain areas — gray 
matter — of the brain and spiml cord is due to the presence of great 
numbers of nerve cell bodies The white matter consists of the processes 
(fibers) of nerve cells massed into compact bundles that conduct impulses 
to or from the gray matter In a cross section of the brain or spinal cord 
these two types of nervous tissue are quite distinct to the naked eye A 
collection of nerve fibers within (he centra! nervous system that forms a 
definite strand or bundle connecting remote groups of neive cells is 
called a tract or fasciculus 

A more or less circumscribed group of nerve cells with common func 
tions such as those that give nse to the fibers coni] osiiig one or another 
of the cranial nerves is called a nucleus or center 

The nerve fber Each fiber in x nerve trunk which as mentioned 
above is a process of a nerve cell consists of a central core called the axis 




Fig 33 3 (abovel Minu>« structure 
of the body of a nerve cell A, axortj 
D dendrites cut across 7, tigroid 
substance or Nisst bod es. 


F g 33 3 frights Oiogram to show 
the structure of a nerve fiber m 
long tud net section and iri cross 
section at two levels 
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qhnder and, usual!}, a sheath of fatty matcrn! cailct! the mjelin sheath, 
^^hlch senes lo insulate the fiber from us neighbors Tlie outermost co\ 
eringof the nerve is a iliin membrane calletl i!ie neurilemma uliicli show’s 
constrictions at r^ular intervals (nodes of Rauvier) (Fig 33 3) 


THE NERVE IMPULSE 

The clianges that nke phee m nul travel along a stimuhted nenc 
are referred to as the nerve impulse Much remains to be learned con 
cemmg the impulse, but we do know that it is invariably accoinpanictl 
by an electrical elTett — a cltange in electrical poientnl If a nene is con 
nected with an instniment (such as a galvanometer) tint will record 
small electrical changes, the currents set up in the nenc when it is stimu 
latctl can be picked up and recorded phoiographical!) The curve shown 
in Figure 33 1 is such a record from the sciatic nerve of a frog If the pis- 
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F g 33 4 A record of the electr col change thot occompon es the nerve mpulse 
Etectr col eontoeti ere ptoced upon the nerve and connected through o golvonom- 
eter (os represented by the e de w ih the orrow) The movement of the 2nd color 
of the golvonometer (os represented by the orrow) Is recorded photogroph colly 
The double (d phos e) curve on the nght s the type of record obto ned The dork 
area on the nerve represents the nerve impulse { e^ the exc ted port of the nerve 
at success ve intervals of t me 

sage of the impuhe beitseen t\so points on a nene ts timed tts speed can 
be calculated In the large nenes going to the skeletal muscles of mam 
mals — the motor nerves— and in the nerves con\e)ing impulses to con 
setousness the impulse sefocit) is about ISO meters per second the 
veloaty of the impulse is much lower m the nenes of the frog and other 
;old blooded animals 

The frequency of the impulses — that is the number of impulses thnt 
travel along the nerve per second — vanes wide!) from 10 to 1000 accord 
ing to the particular nene that is stirauJaied and the strength of tlie 
stimulus The impulse frequency nscs with increasing strength of stimu 
lus h^o c/iange in Ifie magnitude of (/ e imfnilse as indicated by the 
eleclncal response results from i (trying the strength of tl e stimulus (see 
all or none las below) There is a definite upper limit to the rate at 
ivhich the nene fiber can conduct impulses because for a bnef time after 
the impulse has passed the nerve will not transmit a second impulse 
This penod of unresponsneness is called the absolute refractory period'^ 
It has a duration of only Yiooo second or less in mammalian nerve One 
thousand per second IS llierefore the theoretically maximal rate at whidi 
impulses can be transmitted along the nerve (Fig 35 5) 

The reader may have gainevl the impression that the nerve impube 

t Following the alMol lie refraciory period s * bnef Interval of t me dur ng which 
the nerve though it will respond to a si m lus is less excitable ihan nonnallv as s 
shown by il e rclaiively small magn tiide of the clectr cal recor 1 Tl s inienal is ailed 
the relative refractory period 
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IS simpi) Tn eiectnc current ami the ner\e fiber in men tomlucior But 
though the impulse is invarnbl) tcrompaniecl bj an electrical change 
anti mucli information has been gamed from the study of clccincal rec 
ords It is not merely an eiectnc current, it is propagated at a much 
slmver rate An electric current truck at the speed of light Nor is ilie 
nerae fiber an inert conductor Not only is it a luing structure, but it 
slious metabolic clianges dunng activity, and the transmission of the 
nerve impulse is dependent upon these diaiigcs The nerve consumes 
more oxygen and produces more carbon dioxide during activity — that is 
during the passage of the imjnilse — than during rest 

In the mode of ns prop jgation the nerve impulse is more like a spaik 
traveling along a fuse of gunpovvder than an eiectnc curieni, for n and 
the spark both derive the energy for their transmission from the path 
along which they travel An electric current is generated not m the con 
ducting vviie but in a battery or dynamo, and merely conducted by the 
wire If a small section of a fuse of gunjiowder is sligluly dampened some 
where along its course and one end of the fuse then lighted, a spark or 
flame is started that travels rapidly until it reaches the dampened por 
tion It progiesses more slov^ and with difficulty through this region 
burning feebly, perhaps spluttering and may become almost extin 
guished But if not completely extinguishetl the spark flares up to its 
original brilliance upon reaching the dry j>ovvder beyond the damp sec 
non The nerve impulse behaves in a vvay essentially similai It too 



Fig 33 5 Curve of the reeovery {n the sciqIic nerve of ihe frog Two siimuU were 
opplied to the nerve in a senes of tests the second stimulus In eoeh Instance being 
seporoted from the first by vorlous I me intervals ond of just sufT cieni strength lo 
excite Intensity of the second simwlus is plotted olong the vert col oxis time 
olong the horizontal The Interrupted hoHzootol lino Indicates the strength of 
current required to excite the resfing nwve During the obsolufe refroctory period 
(about 0 003 second In this instance) o U mwtws. however strong will not excite 
The excitob lity returns graduolly during the next 0 02 second (relative refroctory 
period) fA/fer Adrian > 
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depends for its propigaiion upon encrgv )ieldmg imterials in its piili — 
the ner\c fiber If a section of nene is treated with a chemical that 
depresses its metabolic processes sudi as chloroform ether or alcohol 
but does not cause a complete block the impulse upon arriving at this 
section IS impelled It travels more slowly and its magnitude as indicated 
b> the electrical record is greatly reduced hen it reaches the untreated 
part of the nerve beyond the depressetl region which is comparable to 
the dampened section of the gunpowder fuse its original strength and 
velocit) are regained Now a wire transmits an electric current in an 
entirel) different wa) for if some resistance is placed in its path its 
strength is reduced but is not restored after the resistance has been jiasscd 
(Fig 33 6) 

Other comparisons can be drawn with profit between the fuse of 
gunpower and the nerve fiber Tlie spark progresses because it is able to 
heal and then ignite succcssivcI) the sections of fuse immctliatelj ahead 
of it So too the electrical current accompanying the nerve impulse serves 
to stimulate the part of the nerve just in front Tlius both tlie spirit and 
the nerve impulse are self propagating After the spark has passei! noth 
mg remains but a trail of ash which of course is incombustible Fresh 
powder must be laid before another spark can be started on its wai) This 
after state of the fuse corresponds to the refractory period of the nene 
fiber but unlike the fuse of gunpowder the nerve fiber itself restores 
within a small fraction of a second the materials necessary for the propa 
gatton of another impulse Again the size of the spark the speed at 
which It travels and the amount of heat generated are not influcnccil 
at all b) (he size or heit of the flame used to hgitt the fuse So long as 
the licai applied is sufficient to ignite the |>owder it is immaterial whether 
ail electric spirk an ordinary match or a blowtorch is used So it is with 
the nerve fiber an) stimulus strong enough to excite the nene at all 



fh« nerve rmpulve The hortzonfol arrow* Ind cote the d" reel on of iron** 
m nlon The curves In the lower f fluro represent the electrical reipone o! 
two po ttis on the nerve 
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under the condittons existing at the momen^r\ikcs a mi\imal impulse 
to be set up This is known as the all or none hu its apphcniion is not 
confined to the excitation of nerse but holds true for other excitable 
tissues as siell — for example muscle (Cli 4) 

'RECEPTORS HOW NERVES PICK UP MESSAGES 
PROM THE WORLD AROUND US 

The sensory cranial nerses carry to tlie brain messages (nerve im 
pulses) lint upon reaching our consciousness give information concern 
ing the outside world The nerves of sight (optic nerve) carry messages 
from the eye and the nerves of hearing (auditory) messages from the 
ear The nerves of smell (olfactory) bring information from the nose 
and the nerves of taste information from tlie mouth Ml these herves 
run directly to the brain and for the grcaier part of thcir courses run 
within the skull or cranium Afmy other sensory nerves (spinal sensory 
nerves) such ns those coming from the skin and causing sensations of 
pun heat and cold and touch — that is the ncncs through which we 
feel — do not run to the brain directly They run into the spinal cord 
(Ch 35) Some of their fibers then separate nnd run tipwnrd ui (he cord 
by different routes to readi the brain 

But the sensory nenes even those to the skin do not end simply ns 
bare brandies Each fine terminal of n sensory nerve is surrounded by n 
kmj sinicture sometimes a single cell that is especially ilesigned to re 
cetve simuili nnd to set up impulses m the nerve fiber to whicli it is 
attached These specialized end organs arc tilled receptors. Eidi type 
of sensory nerve has its own particuhr ty|>c of rcccjitor * winch differs in 
structure from aJJ other types and responds elTcctively to but one form of 
stimulation For example the receptors of sight — the rods and cones of 
the retim — ire stimulated bv light (Ch 41) Uiose of licaruig which 
ire contained m the basilir membrane of the iniernll ear respond to 
sound Vibrations (Ch 46) and those of pun touch ind licit and cold 
situated in the deeper layers of the skin are excited by mcchinicil forms 
of stimuhtion or chinges m temperature (Ch 17) The receptors of 
Smell and of taste ire espeailly designed for the reception of dicmical 
forms of stimuhtion — that is when odorous substances (in gaseous form) 
or substances jiosscssing taste come into contact with them 

It should be pointed out hovsever that a receptor though it {ws 
sesses a very special ability to respond by the creation of nerve impulses 
to only one type of stimulus will respond in an imperfect way to other 
fonns of stimulation for which it is not especially adapted For example 
although the receptors in the retina respond most cficctivcly to the 

•Ncnc ri>crs ihal co 1 ici imp Uses nus ng pan appear t» W an c*cipi n f r 
their en 1 ng* an: han:— lhai i% no orjpiniTO! Wma m- s irmiindi Ihc rn K 
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wa\es of Iighl, they, may in addition be stimulated mechanically, 
as by a blow upon the eyeball or electrically, %\lien flashes of light 
are experienced A blow upon the ear will cause ringing, humming, or 
other auditory sensations, and an electric current applied to the tongue 
arouses a metallic taste Stimulation of the bare optic nerve itself or of 
the nerve of hearing (acoustic nerve) wilf also cause a sensation that is 
a crude imitation of that protiuced by the corresponding receptors These 
facts are exemplified by the behavior of an electrical instrument such as 
the telephone The iransmitiw is especially designed to receive and re- 
spond to sound waves, but nibbing or tapping the diaphragm will also 
produce electrical impulses, which travel along the wire and produce 
harsh and meaningless sounds in the receiver at the other end 

Receptors such as those mentioned, tvhicli receive stimuli from the 
outside world, are called extcroceptors But there is another type that is 
stimulated by cliangcs withm our bodies These are called proprioceptors 
and are situated in the walls of the stomach and intestines, in the heart 
and large blood vessels, in the muscles, tendons and joints and m the 
internal ear (Ch IS) Many proprioceptors give rise to imjiulses that 
make no impression upon our consaousness (nonsensory impulses) , they 
give secret information to the central nervous system Through them 
many reflex acts are brought about Those in the muscles, tendons, and 
joints, and in die internal ear are stimulated by movements of the struc 
tures in vvhich they he Through them both sensory and nonsensory im 
pulses are dischargevl along the nerves that they sene Thus, the central 
nervous system is constantly informed of the movements or positions of 
the ditlerent pans of the body, and of the body as a whole m space 

The impulses earned to the central nenous system along the various 
sensory nenes do not all have the same destination, but each type of 
nene — whether of sight, hearing, loucli, etc. — conveys its impulses to 
some particular pan of the cerebral cortex. These cortical regions are 
called areas, or centers 


THE NATURE OF OUR SENSATIONS 
ShouW we examine the diHerenl nerves very c\oseVy, we would find 
that they all looked very much the same Even if we took a ihm slice from 
each and compared these slices under the microscope, vve should find 
that eacli was made of a number of fibers that appeared almost identical, 
no matter what nerve was being examined Furtliermore, when we study 
the electneal currents associated with the impulses of each kind of sen 
sory nerve — optic, acousiic; etc — ^no essential difference can be found 
between them From every test that can be applied there is no reason to 
believe that the impulses are not the same in all nerves incliuling the 
motor nerves How is it then that there are leverjl very different sensa 
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tions? We ha^e seen that the dilTerences do not depend upon the recep 
tors for stimulation of a bare nene causes a sensation that though crude 
and disorganized (a flash of light for example rather than a \isua! pal 
tern) is nevertheless charactenstic From these facts the conclusion is 
forced upon us that the qualit) of any sensation depends upon the 
area or center of the cerebral cortex where the impulses arrive The 
nerve cells m each of these areas interpret in their oun wa) and quite 
bejond our understanding tlte impulses the) receive Indeed in disease 
one of these cortical areas may be stimulated direct!) not b) impulses 
arriving bj the usual patlnva>s Flashes of light noises or other haifu 
cmations ma^ then be experienced bj the patient * Therefore the sensa 
lion we know as sight or hearing is not created in the e^e or e-ir These 
organs merely set up effective impulses Impulses arriving in the center 
for sight (occipital lobe) are perceived a$ visual sensations those m the 
auditor) center (temporal lobe) as sensations of sound and so on It 
mav then with truth be said that sight is a special function not of the 
e)e but of the occipital lobe of the brain Sound likewise is the sensa 
tion that the cells of the temporal lobe make of impulses no matter hov\ 
produced arming there Our other sensations — taste smell and touch — 
are also due to different interpretations that other centers of the brain 
put upon the nerve impulses the) receive Just as a bcU a glass jar m 
iron bar or a gong produces each us different tone v lien struck m turn 
b) the same object so the difTercni cemers of the brain give nse to 
dillercnt sensations tliough the nene impulses that each receives are 
similar If therefore it were possible to connect the eye with the ieni 
poral lobe and the ear with the occtpital lobe we vvould as someone has 
expressed it hear the lightning and sec the thunder 

It IS therefore not strictly correct though convenient to say that the 
nerve fiber carries messages to the brain The nerve fibers are rather 
like the electric wires of an annunciator s)stem the wires carr) identical 
electrical impulses upon pressing a ceriam button which actuate a par 
ttcular tmltcalor m the annuijcialor box (brain) Of course in the 
annuiiciatior svstem the buttons (receptors) dtITer from one another onl) 
in being m different situations (but see iheor) of 1 earing Ch 10) Non 
m a telephone s)stcm messages are reiUy carried over the v\ire for the 
sound waves are converted to electrical impulses of (lie same frcquciiq 
and reconverted to sound waves at the other end 

The intensity of a sensation for example the brightness of a light 
the loudness of a soiiiul the sharpness of pain etc depends upon the 
frequency of the nerve impulses A strong stimulus causes a higher mi 
pulse frcqueiic) than does a weak one and consequently a more intense 
sensation 

*11) fJe c(<-clr{nl vr» ! il^ n of ^ ffetn t rrgon* i>f ihe r3tpo»< J bran n/ a cwi 
Sfi V n 1 jeet sail u sci sail s ra » !*• pr xl torrf «1 j>«- linj* »ip< ii il t area itb ii laiM 
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THE FUNCTIONAL ORGANIZATION OF THE 
CENTRAL NERVOUS SVSTEM 

There are something like }2 billion nerve cells in the 
human brain TNe have seen that each nerve cell has two processes that 
connect ivilh cells in other parts of llie bram or in the spinal cord Also 
many processes of cells in the spinal cord ascend to the bnm The white 
matter of the nervous sjstem is then composed of an immense number 
of nene fibers Some of these fibers are very long for as we know many 
pass from the central nervous system into the various cranial and spinal 
nerves to reacli parts of the boily more or less remotely situated A nerve 
fiber in a large animal such as a horse may hav e a length of 4 or 5 feet 
and one going to a remote pan of a man s bodj say to the sole of the 
foot IS S feet or more in length Other fibers are no more than a frac 
tion of an incli long Upon a rough calculation it ma) be said tliat if it 
were possible to join all the fibers in the nervous system end to end they 
would form a thread that could be wound several tunes arouiul the earth 
at the equator It should again be impressed upon the render tint the 
fibers (both axons and dentirons) composing the various nerves of the 
body are processes of nerve cells whose bodies he in the brain spinal 
cord or spinal ganglia (Ch 3a) 

Communications between nerve cells are earned out through their 
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processes Tlie termimls of an axon of one netxc cell make conna uiih 
the dendrons of another, or with the surface of the other cell bo<lj 
Contact 1 $ made tlirough small tenninaf stvcKings called s)naptic knohs, 
or end feel (Fig SJI) An axon nc\er makes contact iMth another axon 
and a dendron ne\er connects a\uh ilie dendron of another nerve cell 
In the central nervous s)siem several nerve cells and often great numbers, 
are connected together in this v\a) to form long nerve chains In Figure 
31 1C, there is not true union between the two nerve cells Their proc 
esses merel) touch or are separated b) a slight gap like leaves of adjacent 
trees This relation of the two processes to each other is called a synapse 
The nerve impulse travels from one process to the other at this point ‘ 
Most nerve cells in the brain and cord are connected with all the 
other nerve cells and so an) one nerve cell can semi impulses to almost 
any other cell of the central nervous sjstem All these communications, 
of course cannot be direct ones — that Vvould be an utter impossibilit) 
Since there are 12 billion cells each cell in order to send impulses to 
and receive impulses from ever) other cell would need to have 21 billion 
fibers The difficulty is overcome by having the impulses from large 
numbers of cells brought to central exchanges or stations whicli are com 
posed of smaller groups of nerve cells connected together These central 
stations are connected with other stations whicIi in turn are connectetl 
with and receive impulses from many other nerve cell groups 



cell fi synapse the orrows Ind cole the d reel on token by ihe nerve 
impulses 

> II IS more liVcljr that a fresh irojmlsL Is crtaltt! at ihc junciion ralher ihan thai 
the impulse |wssrt from one neuron lo the c tlwr acrnsi i) c s)ii3j>se 
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Pig 34^ D agram ta show how o few nerve cells may common cote w th a 
great number of otherf in d fferenf ports of the central nervout system 


Ue ha\e all experienced ihe long tram of thought that ma> he 
started in our minds bj perhaps some \€T) tnsnl thing — the sight of a 
familiar object the smell of some svell known flower or the sound of 
some old tune A number (perhaps coroparati\el> small) of nerse cells 
hasebeen excited b) die sight smell or sound The> send impulses svith 
lightning speed to i-ast hosts of other cells to create the pictures and 
thoughts in our minds As these words are being WTitten some nene cells 
are awakened at the seat of memory in the imters brain Othen are 
being exaied through the ejes as he sees the word he has wTiiten still 
more are directing the moiemenisof his fingers as he wTites while others 
are forming the thoughts and ideas he endea\ors to put upon the paper 
Other cells are receiving impulses through the nerses of hearing and the 
nencs of (ouch All these tnjnads of cells are linked into a communicat 
mg 5)stem of the utmost intricac) The cells in die central exchanges 
neser gi\e the svrong number — that is discharge impulses o\er the 
wrong fiber f^ot onl) must nene impulses be transmuted along the 
right path but the) must be sery accurateh timed They must not be 
e\en a thousandth of a second early or late m arming at their destina 
tion All must be dispatched in perfectly regular order Sometimes 
though seldom a mistake tn timing is made. 'While eating for example 
the tongue may be bitten This unpleasant expenence results from the 
messages to the tongue arming a little too late or the messages to the 
jaw muscles amsing too early so that the tongue does not get out of 
the way of the teeth quickly enough. Again food sometimes goes the 
wrong soy that is a bide food slips into the larynx at the upper end 
of the windpipe (tradiea) and sve cough and splutter The messages 
from the brain that should dose the entrance to the larynx when we 
sssallow hase not armed on time and the food has passed into the for 
bidden region (Ch 2o) 
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REFLEX AaiON 

Anyone uho has fishci! uith norms for batt knows hoH the nonu 
twists and coils as though m ngony nhen the hook transfixes it Very 
tenderhearted persons are inclined to pity the squirming norm and in 
their minds compare it with some higher animal and think the mote- 
menis mean that the creature is sufTcring But the tvonn has no brain, 
therefore it cannot feel in the sense that a horse or a dog or a human 
being feels The antics of the transfived norm ire performed uncon 
sciously and are a form of reflex action Merely lonclnng or pricking the 
worm will produce the coiling and twisting motions that seem exjiressive 
of resentment — for eten a norm will turn” Also, when i person acci 
dentally touches a hot object that causes pain, or pricks a finger, he 
quickly draws the injured part anay (Plate IVa) As ne know, this is a 
purely intoluntary movement, and though we feel pun it the time, the 
sensation is not absolutely necessary tor the action to occur For example, 
a fre^ VMth us brain destroyed will quickly pull its foot away when 
touched with something hot Even if the toes ire pinched, it will with 
draw us foot Obviously, the animal cannot feci in the ordinary sense of 
the word These are all examjiles of reflex action 

Reflex action (also simply called a reflex) ts an automatic invohm 
tai7, and often unconscious act brought about when certain nerves are 
stimulated Of all the duties or functions jaerformed by nervous tissue, 
reflex action ts the most elementiry The movements of such simple am 
mils as jellyfish clams, vvorms and snails arc purely reflex in nature 
Many of our everyday acts, also, are simply reflexes The winking of the 
eye when a particleof dust touches an eyelid coughing when someimie 
rial finds us way into the larynx sneering when something irritates the 
inside of the nose, the quick recovery of the bodys balance when we trip 
and nearly fall the pulling away of the hind or other member when it 
IS hurt, are all examples of reflexes These actions occur apart from our 
wills or intelligence Nevertheless we can often, through tlie exercise of 
higher faadtics, to some cxiem control them Some people Inve greater 
control than othen Children usually hive less control than older per 
sons For instance, when one is in the demists clmr and is suddenly 
hurt ilie first impulse is m jump or jerk the held away, but one manages 
through the exercise of his will jiovscr, or, as it is often cillcd his self 
control to prev ent the reflex from coming into effect 

A sudden, intense pain may start a reflex tint comes into action so 
quickly that It IS impossible to check It A motorist for cxamjile, driving 
along the Inghw-ay in the summer is sometimes stung by an insect The 
acute pain ciuses a reflex movement of the hands and hotly to ocnir so 
suddenly that it cannot be chcckctl The control of the car may be lost 
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for an instant and a serious accident occur Besides such obvious reflex 
actions as those just mentioned and of which we are conscious a \ery 
great many of the functions of our bodies are carried out refiexly and 
unconsciously The action of the heart the secretion of saln-a and of 
gastric juice swallowing the movements of the stomach and intestines 
as well as many other Mtal actions are quite automatic unconscious and 
involuntary Most of tliese are earned out through the autonomic nerv 
ous system (Ch 37) 

How the stnriglaton of o nerve causes □ reflex It vns mentioned in 
Chapter 33 that a nerve cell has two fibers or processes One the den 
dron carries impulses to the nerve cell body the other the axon carries 
impulses from the cell body At least tvvo nerve cells are requiretl to 
carry out a reflex The axon of one cell is brought into contact with the 
body or the dendron of the other as shown m Figure 34 3 The dendron 
of cell 2 IS simply one of the fibers of a sensory nerve It is a nerve let 
us say that goes to the skin and ends in a receptor The axon of cell 1 
goes to a muscle I\hen the ending of the sensory nerve is stimulated — 
as when the skm is pricked or burned — a message passes m the direction 
of the arrows to the centra! nervous system and then to the muscle In 
other words the message is turned back or refleeted to a point near the 
one from which it started hence the name re/7ex Now we maj see how 
llte hand almost inevitably must be jerked away when the finger is hurt 
Reflexes may be carried out 
through the penes of tlie brain (cere- 
bral reflexes) as m die wmkmg reflex 
or they may occur through the spinal 
nenes (spinal reflexes) as v hen the 
finger is burned or pricked Figure 34 3 
may Le taken to represent two nene 
cells m a spinal reflex Of the tv o 
the body of cell 1 lies within the cord 
Itself The body of cell 2 lies close to 
but not actually in the cord (Ch 35) 
So we may represent these two nenes 
lyng in their proper positions in the 
bod) as in Plate IVa 

Figure 34 3 shows the simplest pos 
sible kind of reflex since the pathway is composed of but two neurons Only 
one such pathway is shown in the diagram Onl) one reflex (knee jerk) 
as simple as this can be demonstrated in higher animals Usually the reflex 
path consists of three neurons and impulses are discharged over hun 
dreds or thousands of such three neuron linkages when a reflex act 
occurs For example many fine nerves end in a very small area of skin 
and many motor nerve branches go to even the smallest muscle Indeed 



F g 34 3 Diagram of a reflex arc 
show ng a connect on between two 
nerve cells axon (11 to muscle den 
dron (2) from sk n 
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e\ery motor nerve fiber thvidcs into a number of minute branches each 
one of which is received b) a single muscle fiber of the group (Fig SI 4) * 
So, then, when the arm muscles sudden!) draw the hand awnj as a result 
of some painful stimuhtioii of tlieskm. messages travel along niaii) sen 
sory fibers and are reflected along a very great number of motor nerve 
fibers to the various muscles of the arm The nerve cells 
tine furnish the dendrons to skm and the axons to 
muscle may also communicate with many other cells 
within the central nervous system, and so during the 
performance of a complicated reflex act enormous mini 
bers of nerve cells may be involved 

Definition of terms The complete pathway along 
which an impulse passes to produce a reflex act — tint is. 
from skin to spiml cord, for example, and from cord to 
muscle — IS called the reflex arc The ingoing "leg" of 
the journey is called the afferent limb of the arc, the 
outgoing— tint IS, from coni or brain to muscle (or 
ghnd)— IS called the efferent limb In Plate 1V6 is 
depicteil a reflex arc composed of three nerve cells, one 
lies entirely within the cord and connects the fibers of 
the other two Nearly all reflexes of man and higlicr 
animals involve these three types of nerve cells The 
one carrying the impulse to the central nervous sjitem 
1 $ also frequently referred to as the receptor neuron, 
and the one leading from cord to muscle (or gland) as tlie effector 
neuron The connecting link within the cord is called the connector 
neuron 



Fig 34 4 Th« 
ending of a mo- 
ior nerve in a 
muscle fber 


RECIPROCAL ACTION OF THE MUSCLES 

■\Vhen llie foreann is moved, as. for e\ imple, when the hind is 
raised to the face, the muscle on tfic from of tlie arm (btce/js) shortens 
(contracts) and pulls upon the forearm to bend the elbow ^VT 1 en the 
arm is stnightened again, the muscle on the back of the arm (irtccps) 
contracts and pulls upon the forearm to bring it into a straight line with 
the upper arm It must be quite clear that both muscles, biceps and tri 
ceps, should not shorten at Llie same time. One must lengthen (relax) 
when the other contracts Otherwise, the two muscles would pull against 
eacli other and the arm could not be bent, or if it had been bent, it 
could not be straightened No matter how quickly a person bends and 
straighiens his arms, as m boxing or rowing, or bends and straightens liis 
legs, as in running or jumping the muscles on tlie fronts and backs of 


* Ilic gnuip of mtwcle fil>crs siipplicil b) a single fiber is callctl a motor unit 
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the limbs under normal circumstances alisa^s act in the proper nay one 

set contracting, tJie other set relaxing Sometimes, houever, one set of 
muscles does not relax as it should, and the arm or leg cannot be bent 
if It IS straight, or straightened if it is bent The limb is held set and rigid, 
as nhen a person develops cramps m his arms or legs ^Vhcn the muscles 
are acting normally, impulses are discharged to one set of muscles, say 
the flexors, and cause them to contract at the same instant that the 
opposing set, the extensors, are made to relax The latter muscles are said 
to be inhtbiled At the next instant the movements may be reversed, tiie 
muscles that were contracting now relax, and those that were relaxed 
contract The arrival of the impulses must be timed with an accuracy 
measured by small fractions of a second This give and take, this seesaw 
of contraction and relaxation brought about by the accurate timing of 
the impulses arriving along the nerves to the muscles, is called reciprocal 
innervation, or reciprocal inhibition^ (Fig 315) 

Usually a great number of muscles of various sires and shapes act m 
a regular and orderly way to bring about a muscular act Each muscle, 


Nerve* Nerves 



* The arrangrment of nerve* whereby the messagr* (nf contraction or relaxation) are 
ainvejed to the aittriiating muscles (for example liiccps mil Inctp*) i» lerninl 
reafrorai innenvtiiorii the term reetfrroeal inhibilion nhn lo ihc rclaxalioti of tie 
antagonistic (contracting) muscle 
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jn turn, is made up of an immense number of separate fibers (Cli 1) , 
and each fiber must receue a separite senes of impulses from the central 
nervous s'jstem before it uill contract In canning out any voluntary or 
willed act, the impulses arise in and are discharged from the motor area 
of the cerebral cortex (Ch 37) 

In order to realize with what wonderful precision the human ma 
chine of brain, nerves, and muscles does its work, one needs only to think, 
for example, of a pianist reading and phying a difficult piece of music 
The musiaan s brain is interpreting the notes of the music, vvhich he 
sees through impulses received from the eyes Impulses arc sent in turn, 
at a speed of 120 meters per second, along the trunk lines and mnu 
menble wires of his nervous system The muscles of the shoulders, 
arms, wrists and forearms are contracting and relaxing witli the cxictness 
of a complex maclune His fingers move rapidly over the keyboard eacli 
small muscle pulls upon the finger bones at the right instant and relaxes 
at the next to allow another muscle to contract A similar give and take is 
seen m other muscles of the body In speaking for instance muscles of 
the tongue, lips, cheeks throat, and chest all act with one accord No 
muscle interferes with the action of another 
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The Spinal Cord and 
Nerve Trunks. Degeneration 
and Regeneration of Nerve 


The ner\ou$ system consists of (1) the brain, (2) thespmal 
cord, and (3) the pcnphcral nerres (Fig 35 I) The bram and cord 
together are called the central nenous s>stem The system of ner\es and 
ganglia lying for the most part outside the central nervous system though 
in communication tv ah a is called the autonomic, imoluntary, or sege- 
tatiie, nenous system (CIi 37) 

THE SPINAL CORD 

The spinal cord is white and soft like marrow and about inch in 
diameter It lies vviUiin the vertebral foramina fonned by the arches and 
bodies of the vertebrae and is thus protected from shocks and other 
mecfianical injuries Many nerves leave and enter the cord and serve to 
carry impulses to and from vanoiis parts of the body and the central 
nenous system (Fig 35 2) AV'hen the spinal cord is sectioned trans 
versely it is found that its center or oire has a darker color than its 
penplieral portion (Figs 35 2 35 6) This «ntral part, which has a shape 
resembling that of the letter H or of a butterfly, is like the cerebral 
cortex (Ch 37) , composed of gray matter — that is nerve cell bodies and 
nene fibers The latter, both axons and dendnies, are derived from the 
contained nene cells is nell as from nwe cells in more remote parts 
of the nervous system The wings of gray matter are mclmetl fonvard 
and backward The former are broad and are callctl the anterior (or 
ventral) horns, the more slender hind parts of the wings are called the 
470 
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Fg 3S 1 Out! ne 

sketch of the centrol ner> 
ous system 

F g 2 fright) Showing 
the emergence of the pos 
tenor sp not nerve roots 
from the sp nol canal Num 
ben on the right refer to 
the vertebrae on the left 
to the nerve roots (heovy 
faferck I net wfth swell ngs 
represent ng the gongla) 
C cervical T thoraac I 
lumbar S soerol Coc , 
coccygeal 




posterior {or dorsal) Itoms The ner>e cells of the interior honis give 
rise to fibers (axons) that lea\e the cord by the anterior roots of the 
spinal nerves (p 47G) The cells of the posterior horns receive fibers 
from the posterior roots Tlie part of the cord surrounding the central 
gn> area is composed entire of white matter*— that is bundles of none 
fibers The spinal cord is ensheathed by three membranes — dura mater, 
arac/moid antf pia mater — which ire continuous with those of the same 
mmes covering the brain (Ch 37) Cerebrospinal fluid also fills the 
spice between the anchnoid and the pn mater 

As well as being a reflex center (Ch 31) the spinal cord is a two 
way conducting pathway Like a great cable whose wires carr) messages 
in both directions the fibers of its wlmc milter carry impulses up ind 
dowTi It transmits voluntary impulses from the motor area of the cere- 
bral cortex (Ch 37) to groups of cells in the anterior horns of the spiml 
gra> matter Many of its afferent (ascending) messiges are secret reach 
mg only unconscious centers of the brain (cerebellum metlulla oblon 
glia and pons) , and many of its efferent (descending) fibers carry orders 
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of whicli we are unaware to blood aessels glands and other structures 
which therefore appear to act automaticallj 

The white matter of each half of the cord is dnided into three col 
umns — anterior lati^al and posterior — ^by the graj matter of the anterior 
and posterior horns and the emei^nce of the fibers of the spina! neiae 
roots (Fig 3o 3) The fibers of these columns are gathered into groups 
called tracts or fasciculi (L sing fasciculus a small bundle) Those 
that transmit impulses upward are called ascending tracts those that 
carry impulses m the reverse direction are called descending tracts Each 
column of the cord contains tx%o or more tracts or fasciculi that haie 
been given names to indicate the origins and destinations of their con 
stituent fibers 

The anterior columns contain the anterior corticospinal (or direct 
pyramidal) tracts which transmit voluntary motor impulses Impulses 
that give rise to the sensation of touch are transmitted bj the antenor 
spinothalamic tracts contained in the antenor columns 

The lateral columns contain both ascending and descending tracts 
The former through the lateral spinothalamic tract transmits impulses 
that give rise to pam and to sensations of heat and cold and through 
the spinocerebellar tracts nonsensor) (subconsaous) impulses Irom the 
muscles and joints to the cerebellum The most important descending 
tract IS the lateral corticospinal (or crossed pyramidal) tract which occu 
pies the posterior part of each lateral column The fibers of this tract 
are the axons of cells in the motor area of the cerebral cortex the) form 
connections with ilie anterior horn cells and tnnsnui impulses that are 
relayed by the axons of the latter cells (and whidi form the motor 
nerves) to the stefetaf muscles (see also p 504) 

The posterior columns are composed entirel) of ascending fibers 
that form two tracts named the fasaculus graalis and the fasciculus 
cuneatus These iiacis are purely sensor) the) cany impulses giving rise 
to sensations of touch and to sensations from the muscles and joints Our 
knowledge of the movements and positions ol our limbs is convejcd 
through these tracts of the posterior columns 


Fg 35J D ggrom show ng the cross sec 
t on of the sp nol cord ond ihe f berj 
leov ng and enter ng by the ontenor end 
the paste or nerve roots. The left holf of 
the cord s left blonk, on the right i de the 
Ih ee me n columns of the cord e e morked 
by d st net ve shed ng The imoll dots n 
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horn cells. 
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The principal tract*, of the spinal cord are given in Table 35 1 
TABLE 35 1 

THE PRINCIPAL TRACTS OF THE SPINAL CORD 



Ascend itg 

Descend ng 

Anier or 
column 

Anterior sp notholom c 

Sensol on of touch 

Anter or corticosp nal 

Lafsral 

column 

1 Lateral spinotholom c 

Sensol ons of pom heal and cold 

1 Sp nocerebellor (dorsal and ventral ! 
tracts) 1 

Tronsm ts nonsensory impulses to the 
i cerebellum 1 

1 

Loferol cort cosp nol 

Transmits impulses from the 
cerebrol cortex to the motor 

1 cells of the anter or horns of 
the sp nal cord 

Pojferior 

column 

Fosc cotus grac 1 s 
. Fasc cuius euneotus 

Sensol ORi of touch ond sensot ons 
from the bones and lolnts 


THE NERVE TRUNKS 


The nenes arc long tough cords tint connect tlie muscles sl.m 
sense organs and prncticall) every tissue of the body with the spinal 
cord and brain Eacii nerve is simply a great number of nerve fibers 
bound togetlicr side by side like fine wires in an electric cable If one 
takes a piece of ordinary electric extension cord and cuts off the cloth 
cover, a rubber insulating material will be found imdemeath When 
the rubber is removed a large number of fine copper wires are seen 
within bound closely together A nerve is made up in somewhat the 
same vvay The nerve is covcretl on the outside by an insulation of fatty 
material \Viihin this are a great number of fine fibers but in onlinary 
nerves each fiber is insulated from its neighbor The nerve fibers are 
also very much finer and a great deal more numerous tlian the fine copper 
wires in the electric cord They are too fine to be seen vvitli the naked 
eye and a large nerve may contain many thousands of tliera (Fig 35 4) 
Each fiber ts a process of a time cell of the erntraf nervous system (Ch 
33) or of a cell m the s’anglion of a posterior spinal uen^ root Some 
nencs siidi as tlie motor nerves iltai supply the voluntary muscles arc 
composed entirely of efferent fibers Others contain only afferent fibers 
and are callctl sensory nerves Other nenes again contain both efferent 
and alfereni fibers and are called mixed nencs Many afferent nencs 
however, carry secret information that is impulses that are beneath 
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consciousness Impulses Irom the stomach and heart, for example are 
usually of this type The efferent fibers that cause contraction of the 
smooth muscle of these organs or secretion of their glands belong to the 
autonomic nervous s) stem (CIi 37) 

As well as the general terms afferent 
efferent sensory motor etc nerves also are 
given names to indicate their origins For in 
stance the afferent nerves of sight hearing 
smell and taste the nerves of the teeth and of 
the skin of the face and the motor nerves 
(efferent) to the facial muscles since their fibers 
pass directly lo or from the brain and therefore 
enter or issue from tlie cranial cavity are all 
called cranial nerves (Ch 37) 

The spinal nerves The nerves that enter 
(afferent) or leave (efferent) the cord are called 
spinal nerves There are 31 pairs of these (Fig 35 2) When the spmal 
canal formed by the vertebrae is opened up the nerves cm be seen 
leaving the cord at intervals throughout nearly its CTture length The 
nerves leave Uie spinal canal by passing through the intervertebral 
foramina which are situated between the bodies of the vertebrae Each 
spmal nerve has an anterior and a posterior 
root which emerge in vertical senes from 
the longitudinal grooves betvveen the col 
umns of the cord (Fig 35 5) The anterior 
roots arc composed entirely of efferent 
fibers most of vvhidi are motor they enter 
into the formation of one or another of 
the various nerves and relay impulses re 
cetved by the anterior horn cells via the 
corticospinal tracts to the voluntary mus 
cles Fibers of the autonomic nervous sys 
tern (Ch 37) also leave the cord by the 
anterior roots m the thoraac and upper 
pan of the lumbar region of the spinal cord 
The posterior roots contain only affer 
eni fibers many of which are sensory but 
there are many also that carry unpuUes 
destined for the cerebellum and other parts 
of the bram concerned with siibconsaous 
functions The purely efferent nature of the anterior roots was shown 
by a Scottish surgeon Sir Charles Bell that the posterior roots were en 
tirely afferent was demonstrated fay a French physiologist Francois 
hfagendie. The statement of these two facts is called the Bell Magendie 
law 



F g 35 5 The sp nol nerve root* 
of one segment of the sp 0°^ 
cord the arrows ind cote the 
d rect on token fay the nerve 
impulses 



F g 35 4 Cross sect on of 
a small m xed nerve The 
very fne ercles ore sym 
patheic nerve fbers {see 
Ch 37) 
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The tuo spinal nene roots join a short distance from the cord to 
form the complete nerse trunk which being composed of both afferent 
and efferent fibers is therefore a mixed nerve But at variable distances 
along their course from the cord to their destination motor sensory and 
autonomic fibers become separated from one another to form smaller 
nerves composed purely of one or the other type (Ch S6) 

A small swelling is seen on the posterior root of etch spinal nerve 
This enlargement called a ganglion is made up of a mass of nerve cells 
It IS these cells that supply the alTerent or sensory fibers of the mixed 
nerve (Figs 35 2 35 5) The cells are uMipo/ar — that is only one process 
IS given off by the cell but this process after a very short course divides 
into two One branch of the T or Y shaped fiber thus formed enters the 
spinal cord the other passes to the periphery as a fiber of i peripheral 
afferent nerve 

Should a sensory nerve be cut or destroyed by disease no impulses 
can reach the brain from the organ — wheilier e^e ear or skin — in which 
this nerve had its ending Blindness deafness or Joss of sensation in the 
skin according to the nene injured would be the consequence \\hen a 
motor nene is cut through or seriously injuretl no impulses can reach 
the muscle tn which the nene ends so the muscle cannot be made to 
contract— u is paralyzed 

OEGENERATION AND REGENERATION OF NERVE 

The fibers of any nerve are dependent for their nourishment and 
integrity upon the nene cell body of which they are merely extensions 
When therefore the nene fiber is iniemipied in any way as by crush 
ing or anting the part of the fiber farther from the body of the cell 
undergoes degeneration This consists of a breakdown of the structure 
of the fiber wliile the fatty material of the myelin sheath breaks up into 
droplets of oil (Fig 35 6) These changes were studied by Augustus 
Waller an English physiologist and hence are known as Walleuan de 
generation TJie fibers lose all power to conduct The body of tJie nene 
cell itself also shows changes (retrograde degeneration) namely disso- 
lution of the tigroid subscaitce If the nerve possesses a neurilemma the 
nerve fibers after a time undergo regeneration winch may result in com 
plete restoration of function This process consists of the grow th of fibers 
from the nerve above the injury into the neurilemma sheaths of the 
fibers below Regeneration is more readily effected if the nerve has been 
only crushed so that the fibers Imc been interrupted but the continuity 
of the neurilemma left intact The degeneration of a nerve after section 
IS a most valuable expenmentaj method for determining the direction in 
winch the bodies of the nerve cells of any tract in the central nervous 
system he or for tracing the course of the fibers Thus if part of the 
motor area of the cerebral cortex is destroyed fibers can be dctcctcil 




Fig 35 6 Above degenerating nerve fiber two do/t after sectien A end of 
proximal segment of nerve 6, drops of myelirt derived from the myelin sheath, 

C, nucleus of neurilemma 0, newritemma Sefow, regenerating nerve fber 
A neurilemma, B, proximal segment of nerve fiber showing bulbous end 
C, neurofibnis which have sprouted from the end of the original fiber After 
AonvierJ 

microscopically extendtng doxsn ifte hicral columns of the spiml coni 
(lateral coritcospinal tract) Agtin. if an anterior sjtiml ner\c root is 
dtvnletl, the fibers on ilie distil side of the ctii tlcRcnenie but not ilimc 
on (lie proNimil side, (he cell Itothcs then, must he in the cord Hut if a 
posterior root is sectioned dose to its origin from the cord, onl) those 
on the proximit side of the cm dcgencrtie (Fig S5 7) , the cells iltai gtte 
origin to the fibers must he ihercfore, on the distal side of tlie section, 
natitcl), in the ganglion of the root 


Fig 357 Diogram to illustrate Wolle'io'i 
degenerotion Section a) A causes degen* 
erotian of oH motor and sensory fbers of 
•he peripherol nerve beyond the point of 
section (block area) In 8 sect on of the 
ontertor root causes degeneration of the 
motor fberi becouse the motor cell boefes 
te Within the ipinol cord in C, seerfon of the 
posterior root Is followed by deger'eroiion 
of the sentory fbers of fh* penpheref nerve become the ee/l bodies of the sensory fbers 
lie in the ganglion In D, section of the posterior root between the gotig! on ond the 
cord couses degenerotion of the sensory fbers of the spmol stump of the root ond of 
cseending fbers within the cord as for os the next tell station fA/ler Hof/burtonJ 
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The Distribution of the 
Spinal Nerves 


The spinal nerve trunks, as alreatl) noted arc mixed m 
type, each receites motor and sensory fibers through us ttvo roots — fibers 
tliat carry voluntary impulses to the muscles and those iliat convey 
alTerent impulses trom skm. mucous membranes, muscles joints, etc, to 
conscious or to subconscious parts of die brain, such ns the cerebellum 
The nenes from the thoracic and upper part of the lumbar region of 
the spinal cord also receive fibers of the autonomic nervous system 
(Ch 37) 

It has also been explained how the first two types of fiber arise and 
how they form a motor and a sensory root tliat join v\Uhm the spinal 
canal to form die mixed nerve trunk (Ch 35) In this diapicr the coune 
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ami distribution of the nerve tninLs so formed will be desaibed from 
their emergence ilirough the interveriebral foramina to their distribution 
to muscles shin etc 

Each nerve after it leaves the intervertebral foramen gives ofFa sm ill 
twig that returns again to the spinal canal am! supplies the membranes 
of the spinal cord The mi\e<l nerve trunk then immediatel) splits into 
two branches called the posterior and anterior primary ramt {Fig 36 1) 


THE POSTERIOR PRIMARY RAM) OF THE SPINAL NERVES 

The posterior pnmarj rami suppt) die muscles and sLin of the 
posterior aspect of the trunk and the scalp over the posterior half or so 
of the skull These primary rami of the spinal nerves run m scries down 
the back piercing the overlying muscles and reaching the skin in Vvliich 
their finest branches terminate 


THE ANTERIOR PRIAAARY RAMI OF THE SPINAL NERVES 

The anterior pnmat) rami suppi) the limbs but most of tlicm first 
join to form complicated nerve patterns called plexuses (Figs 30 2 SO 1 
36 7) These are four m numbCT and are named the cervical brachinl 
lumbar and sacral plexuses A rearrangement of the fibers of the ante- 
rior primary rami takes place within the plexuses so that in the nerves 
that finall) emerge (that is the branches of the plexus) the grouping of 
the fibers is different from that in the spinal roots themselves 


The cervical plexus 

This plexus lies deep in the neck opposite the upper four cervical 
vertebrae It is formed bj the anierior rami of the upper four cervical 
nerves Each of die lower three nerves divides into two branches (upper 
and lower) tint uniting form three loops that gne off brandies for 
distribution to the muscles and skm of die neck and posterior part of 
the scalp (Figs 36 2 36 3) and each sends as well communicating 
branches to the tenth efevenih nmf iweffth crania/ nerves The mam 
brandies of the cervical plexus areas follows 


Superficial 


Lesser orcipiul 
Grcnt auricuhr 


Anterior cutaneous 
Supraclavicular 


Xfuscular 

Commuiiicaling 


Phrenic to dnpliragm To stcrnomstoid 

To rccius opitis lateralis To irapcrius 

To rectus caputs anterior To levator scapulae 
To lon^us capius To scalenus incihus 

To Jongus ccTMca 

To vngus accessory and li^poglossal nerves 
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The brachiol plexus 

The bracliial plexus (Fig 5G4) lies m ihe loucr part of the neck 
anil in tlie region of the claiicle and axilla The anterior primar> thii 
sions of the Io\\cr four cervical nerves ami most of the fibers of the 
antenor primary rami of the first thoraac nerve emer into ns fomiaiion 
Fibers ire also as a rule, received from the fourth ccrvicil nerve, ivhich 
ilcsccntl to join ilie fifth cervical nene. The anterior pnmar) rami of 
these spinal nerves are oiled the roots of the plexus The roots form 
three short trunks — upper, middle, and loiter The upper trunk is formed 
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by tbe union of ibe fifiJi and sjvih cemca) nencs the se\enili ccnm! 
nene alone forms the niuUUe ininV. the eighth cervical and first thoracic 
nenes form the lower tnmk 

These tninks pass dowmvirds and laterally just above or behind 
the clavicle each divides into an anterior and a posterior division There 
are tJius three antenor and three posterior divisions Ivexi by reunions 
of these divisions three cords — lateral, medial and posterior — ate 
fonned The outer two anterior divisions form the laicril cord the inner 
anterior division by itseff fonns the middfc cord vv/iifc the three jHistc- 
nor divisions mute to form the posterior cord From these the four jinii 
apal nerves of the upper limb — musculocutaneous radial tnedtau and 
ulnar — are derived 

Branches of the brach al plexus A number of muscles of the nccl. 
(rhomboids scaleni serratus intenor subclavius siipraspinatus and 
infraspinatus) receive small branches from the roots or the trunl^ of the 
jilexus The pcctoralis major and minor are supplied by brandies the 
pectoral nerves from the lateral and mctlnl cords The nerve to the 
latissimus dorsi is a branch of the jiosterior cord and supplies the musde 




Fig 36 4 The left brochial plexut. 

of the same name A branch of the posterior cord, called the circumflex 
ncr^e> supplies tlie deltoid muscle and the shoulder joint The large 
nerves springing from the cords of the brachial plexus and suppl)ing 
tlieann are given m the following tabic 

- , , , / Muscidoojujjeous 

1 Lateral root ot median 

, . I Medial toot ol median 

JMulcorf 

ronenor coni Radial 

The musculocutaneous ncnc is the smaller of the two lemuna! 
branches of the lateral cord of the plexus It runs down the arm beivvccn 
the biceps and the brachiahs muscles to reach the outer side of the btccps 
tendon on the from of the cJhon joint; it is continued into the forearm 
as the lateral cutaneous nerve of the forearm. Tins latter nerve runs 
along the outer border of the front of the forearm to the wrist and enils 
in the skin over tiie ball of the thumb (thenar eminence) Tlie musculo 
cutaneous nerve sends brandies to the coracobraclnalis, biceps, and 
brachiahs muscles, and a twig to the elbow joint The lateral cutaneous 
nerve supplies the skin over the lateral surface of the forearm and, as 
just stated, over the thenar eminence of the hand (Fig 317 5) 

The median nenc arises bj two roots, one from the lateral, the 
otlier from the medial cord, which unite on the front of tfic axillary 
arteiy. It descends the arm, lying first on the outer side of the brachial 
artery but later crossing the front of ihc artery to its medial side It sends 
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brandies to all the superficial muscles on the front of the forearm 
excepting the flexor carpi ulnans In the palmar aspect of the hand it 
supplies the musdes of ilic thenar eminence, the skin oscr the palm the 
thumb, the first and second fingers and tlie JiieraJ half of the ring finger, 
as shoun in Figure 3G 6 (right) It also supplies tlic skin on the back of 
the thumb and outer three fingers as shown in this figure (left) 

The ulmr nerve arises from the medial cord of the brachial plexus 
and runs down the inner side of the axillary and brachial arteries to the 
middle of the arm, then mehnes mediall) and backwards to the interval 
between the olecranon of the ulna and the medial epicondyle of the 
humerus, VNhere it lies just beneath the skm It is often struck here, and 
a tingling sensation is felt, which is spoken of as "knocking the funny 
bone" It indines fon^ards again, and entering the forearm descends on 
the medial side of its anterior surface, where it is coiered in its upper 



Fis 36 5 Nerve* of lf>e upper I»mb l#Fl onlenor mpeetj r/pM, poiierior 
otpeci 
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half b) the flexor carpi ulnans Its loner lialf is co\ered onh b\ skin anti 
fascia In the palm, it ends by dividing into a supcrfiaal and a deep 
branch 

The ulnar nerve supplies the flexor carpi ulnans muscle and the 
medial half of the flexor digitorum profundus, it also supplies the skin 
on the medial parts of die dorsal and palmar surfaces of the hand, and 
on the adjacent parts of the fintjers, as shown in Figure 36 6 


F19 36 6 Oistribution of the eii* 
loneous nerves to the hands Left, 
dorsal aspect, right, polmor as 
pect Hatched area, ulnar nerve, 
black, median nerve, stippled, 
radial nerve 

The radial nerve (old term muscuhspirat) is the continuation of 
the posterior cord of the brachial plexus, and is the largest nerse of the 
upper limb As it enters tlic upper arm from the axilla, it runs backtsards 
between die long and medial heads of the (nce|>s muscle, and behind the 
humerus Descending obliquely in the spiral groose of the bone, and 
covered by the lateral head of the triceps, it readies the outer side of 
the humerus and comes to the front of the arm It then descends in the 
furrow between the bradiialts and brachioradiahs to the front of the 
lateral epicondyle Here it gives off its posterior interosseous branch It 
ilicn runs down the other side of the anterior surface of the forearm and 
lateral to the radial artery Lower m die forearm, it turns around the 
outer side of the radius and divides into branches tint supply die skin 
over the radial half of die back of the hand, the base of the thumb, tlic 
proximal and middle phalanges of the index finger, and the part of the 
middle finger not supplied by the median and ulnar nerves 

The radial nerve has been called the great “extensor” nerve of the 
upper hmb Jielore pswg o3 m hrge posterior wicrosseous bmndi it 
supplies the triceps, anconeus, brachioradiahs extensor caqii ulnans 
brachialis, and extensor carpi radialis 

The radial nerve may be tiijiired in the arm m fractures of the 
humerus, or from pressure, as when a person fads asleep with die arm 
hanging over the back of a cliair, espccull) during a drunken stupor 
The nerve may be injured in a similar way m an anesthetized patient if 
the arm hangs down over the edge of the operating table It is also some 
times injured in the axilla b) the pressure of a crutch (‘crutch palsy’) 
^Vhen the nerve is paralyzetl the wrist cannot be raised (extended) , the 
condition being tetmcvl dropped wrist 
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The posterior interosseous ner\^ the terminal brandi of the radial 
nerve turns backwards through the supinator muscle and around the 
lateral side of the radius to gam the back of the forearm It sends 
brandies to the supimtor extensor carpi radiahs brevis extensor tligi 
toruni extensor digiti minimi extensor tndicis abductor polhcis longus 
and extensor pollicis brevis in which it terminates 

The onlerior primary rami of the thoracic nerves 

The anterior primary rami of the thoracic nerves enter the thorax 
and run fonsard along the lower borders of the ribs vvhere they are 
knowTi as the intercostal nerves except the twelfth of the series which is 
called the subcostal nerve the latter runs below the last nb and not in 
an intercostal space The intercostal nerves supply the internal and exter 
nal intercostal muscles The upper six nerves pierce the thoracic vvall 
near the sternum and supply the skin over tlie front of the thorax These 
terminal brandies are called the anterior cutaneous nerves of the thorax 
The lower intercostal nerves (seventh to twelfth inclusive) pass fonvard 
from the intercostal spaces and supply the muscles and skin of the abdora 
inal wall 

The lumbar plexus 

The anterior primary rami of the lumbar nenes curve downward 
and outw’ard behind or witlim the psoas major muscle. The anterior 
pnmarj rami of the first second and third lumbar nerves and most of 
the fibers of the anterior primary ramus of the fourth enter into the 
formation of this plexus (fig 56 7) 

The primary ramus of the first lumbar nerve divides into an upper 
and a lower branch The former divides into the iliohypogastric and 
iho-ingutnal nerves The lower branch of the anterior primary ramus 
of the first lumbar nerve joins a brandi of the anterior primary ramus of 
the second lumbar nerve to form the genitofemoral nerve Parts of the 
anterior primary rami of the second and third lumbar nerves give rise 
to the lateral cutaneous nene of the thigh The obturator and femoral 
nerves are formetf by pans of the second third nnd fourth lumbar nenes 
(Fig 3G 7) 

The iliohypogastric nene is distnbuted to the skin of the anterior 
part of the buttock and of the skm above the jiubic rt^ion 

The ilio-inguinal nine supplies the skin over the upper nnd inner 
part of the thigh at the root of the jicnis and upper pan of the scrotum 
or over the pubis nnd labium majus in the female 

The genitofemoral nene supplies the skm of the scrotum (or la 
bium majus in the female) and the upper part of the anterior surface 
of the thigli 


T/ie Ofsfribufion of the Spinat Nerves - 485 



The lateral cutaneous nmc of ihc ihigh supplies ihc lateral part 
of the interior surface of the thigh from the hip to the knee. 

The obturator ncnc enters the tliigli through the obturator {on 
men, it supplies the obturator extemus gracilis intl atUluctor muscles 
The femoral nene is a mud» laigcr ncnc thin anj of the prcrethiig 
It enters the thigh by descending behind the inguiinl hgamait im! in 
the upper part of the hmb lies in close relation to the femoral irtcr) 
^\llhln the pehis it gives bnnclies to the iliacus and pectineus tmiscles 



486 - The Nervous System 

A lillle below the inguinal ligament it gives ofl a number of muscular 
and cutaneous branches The former supply the rectur feinoris and the 
three vasti (medius, lateralis and intermedins), and the skin over the 
anterior and medial parts of the thigh 

The saphenous nerve is a lai^ cutaneous brancli of the femoral 
nerve that lies at first in close relation to the femoral arterj but leaving 
this vessel in the lower part of the thigh descends on the medial side of 
the knee and enters the leg It runs down the medial side of the leg 
beside the long saphenous vein In thelovver part of the leg it divides into 
two branches one of wJucJi is continued in front of the ankle into the 
foot to supply the skin on its metlial side 

The sacral plexus 

From the sacral plexus the large sciatic nerve and a number of 
smaller muscular nerves are derived It is formed bj the lumbosacral 
trunk and the anterior pnmar) rami of the first three sacral nerves and 
part of the anterior primary ramus of the fourth (Fig 36 7) Thefimiio- 
sacral trunk is composed of a part of the anterior primary ramus of the 
fourth and all of the anterior pnmary ramus of the fifth lumbar nerves 
The fourth lumbar nene thus contributes to both lumbar and saaal 
plexuses and connects (he (vvo 

The sacral plexus lies in the pelvis on tlie piriformis muscle and 
behind the internal line vessels 

The anterior primary rami of the sacral nerves that enter into the 
formation of the plexus give off branches mostly muscuhr and then con 
verging toward die greater saatic foramen join to form a large trunk 
called the snalic nerve — the hrgest nene of the body 
The branches of the sacral plexus are as follows 

Superior gluteal nene 
Inferior gluteal nerve 
Nene to pynformis 

Nerve to quadratus femons and gemellus inferior 

Nerve to obturator intemus and gemellus superior 

Posterior femoral cutaneous or posterior cutaneous nerve of thigh 

Perforating cutaneous nerve 

Pudendal nene 

Saatic nene 

The posterior femoral cutaneous nen^e is distributed to the skin of 
the gluteal region perineum back of the thigh and upper half of the 
calf of the leg The perforating cutaneous nerve supplies the skin of die 
lower gluteal region The pudendal nene is distributevl to the skin of 
the perineum scrotum (labium majus in the female), and about the 
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anus A branch supplies the sktn and substance of the penis (or clitoris 
in the female) Branches are given to the muscles of die perineum, and 
to the external anal sphincter and the sphincter of the urethra (Fig S6 8) 
The sciofc nerve The sciatic nerve emerges from the pelvis through 
the greater sciatic foramen to occupy the interval betueen the greater 
trochanter and the tuberosity of the isdiium It descends in the middle of 
the back of the thigh In thrs part of its course it lies upon the adductor 
magnus muscle and under cover of the long head of the biceps femons 
It divides in the loner part of the thigh into the medial and lateral pol) 
Uteal branches Before its division it sends branches to die biceps femons, 
semitendinosus semimembranosus, and adductor magnus muscles and 
to the hip joint 


Fig 36 8 Nerves of ihe 
lower I mb left onterior 
aspect rghf poster or 
ospect 
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The medial popliteal nerve descends behind the knee joint and be 
tueen the two heads of the gastrocnemius muscle, and is continued as 
the posterior libial nerve into the In its course behind the knee the 
medial popliteal nerve gives branches to the gastrocnemius, pophteus 
planiaris, and soleus muscles, and supplies twigs to the knee joint A long 
cutaneous branch called the sura! nerve arises from the medial popliteal 
nerve behind the knee and descends in the middle of the calf and along 
the outer border of the lendo calcaneus to the ankle Here u turns for 
ward below the lateral malleolus and then runs along the lateral part 
of the foot and side of the little toe 

The posterior tibial nerve, the con 
tinuation of the medial popliteal nerve, 
descends the middle of the back of the 
leg and turns beneath the media! raal 
leolus Here it divides into the medial 
and lateral plantar nerves, v^hIch sup- 
pi) the muscles and skm of the sole and 
toes The distribution of the medial 
plantar nerve simulates that of the 
median nerve in the hand, while the 
lateral plantar nerve corresponds in its 
distribution id iJie ulnar nerve 

The lateral popliteal nerve is much 
the smaller of the two terminal brandies 
of the sciatic nerve It descends just behind the head of the fibula 
where u can be felt with the finger It gi'es oil articular brandies to 
the knee joint, and two cutaneous brandies near the head of the fibula 
One of these knowai as the lateral cutaneous nerve of the calf, supplies 
the upper part of the leg on its anterior, posierior and outer sides The 
other communicates vvalli the sural branch of the medial popliteal nerve 
and is called the sural communicating branch On the outer side of the 
neck of die fibula, the lateral popliteal nerve ends bj dtyidtng into the 
mtiscitloctilancous and anterior hbial nerves 

The musailocutaneous nerve descends in close relation to the front 
of the fibula to the lower part of the leg, vvhere it pierces llie deep fasaa 
and appears on the front of the limb Here it divides into a medial and 
a lateral branch The former supplies the skin over the dorsum of ihe 
foot, the inner side of the great toe and the adjacent sides of die second 
and third toes The lateral branch sends twigs to the cleft between the 
third and fourth and the fourth and fifth toes twigs going to their 
adjacent sides The musculocutaneous nerve, before it divides into its 
terminals, sends branches to the peroneus longus and peroneus brevis 
muscles 
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The anterior tibial nenc, the other terminal hrmdi of the lateral 
popliteal, passes fonvards and descends on the anterior surface of the 
interosseous membrane (Fig 36 8), it supplies the tibnhs anterior, 
extensor hallucis longus, extensor digttorum longtis and peronens teitius, 
and sends a luig to the anhie joint It divides into a lateral and a media! 
terminal branch The former supplies the extensor digitorum longus and 
several joints of the foot Tlie medial terraiml branch sends branches 
to the other joints of the foot and to die cleft between the great and 
second toes the adjacent sides of which it supplies (Fig 36 9) 
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THE BRAIN OR ENCEPHALON 

The brain is a mass of nervous tissue s\eighmg in man 
about 3 pounds Its under surface svhich rests upon the floor of the skull 
IS very irregufarly shaped Its upper surface is curved into an oval dome 
and lies just beneath the roof of the skull 

There is probably no organ tn the body that shous such great dif 
fcrences in shape \ eight site and degree of development tn various 
animals as does the brain The bnin of a rabbit or of a rat or even a 
cat or a dog resembles the brain of a man only in a very general my 
By comparison ivith the human bram the brain of even the highest sub 
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human speaes appears as a \ery rudimentary structure and is of course 
muclx smaller m relation to the ueight of the body The fore part of the 
animal brain is more sloping and narrouer not high and filled out like 
the brain of man The vertex also in loner animals is much flatter and 
does not nse in the rounded swelling so diaractenstic of the human 
brain In animals still lotver in the scale sucli as fish snakes and frogs 
the brain is by comparison a very simple affair The parts that have to 
do with the senses of smell (olfawory lobes) and of sight (optic lobes) 
form a large part of these primitive brains In man the olfactory lobes 
are of an almost insignificant size No definite optic lobes are seen and 
tlie great development of that pan of the brain concerned with the higher 
faculties (the cerebrum) completely overshadows those primitive jiarts so 
prominent in the brains of the lower animals (Figs 37 I 57 2) 



Fg 37 2 Comparison of the bro ns cf d fTerent an mols 


All that part of the nervous system lying within the cranium is 
spoken of m general terms as the brain It comprises four primary divi 
sioiis which can be separately described From below upwards they are 
the brain stem (medulla oblongata jions and midbram) the mfcriraiu 
(thalamus and hypothalamus ) , and the cerebrum behind the brain stem 
and under the shelter of the posterior part of the cerebrum lies the cere 
bellurn or little brain (Fig 37 3) 

The brain stem 

The cerebrum like a blossom upon its stock appears poised upon 
the comparatively slender column of nervous tissue known as the brain 
stem Belovr the latter is continuous through the foramen magnum of 
the occipital bone w’lih the still more slender spinal cord From above 
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do^vn^vards the brain stem comprises the mtdbram (or mesencephalon), 
the pons and the medulla oblongata (Fig 37 3) 

The midbra n or mesencephaton This is the uppermost part of the 
brain stem it hes below the relativel) small pan of the brain called 
the interbrain or diencephalon tvhich ts interposed between it and the 
cerebrum The midbrnn consists of a ventral and a dorsal part The 
sentral part called the cerebral peduncles or cnira, is dmded again into 
a sentral (or 'interior) and a dorsal (or posterior) portion The former 
compnses two stout arms each of which is called the base of the corre- 
sponding peduncle These arms issue from the upper surface of the pons 
and plunge into the cerebrum diserging as they ascend The dorsal or 
postenor portions of the cerebral peduncles are fused along the mid line 
to form a continuous mass hnotvn as the ti?gmentum ‘iVhen sectioned 
(Figs 37 4 37 5) the base of each peduncle is seen to be separated from 
the adjacent part of the tegmentum b) a crescentic band of pigmented 
nervous tissue called the substantia nigra The bases of the peduncles 
are occupied mainly by eflcreni (descending) fibers such as the cortico- 
spinal The tegmentum transmits sensory (ascending) fibers and contains 
circumscribed masses of gray matter (for example the red nucleus) as 
twll 

The dorsal portion of thejnidbrain is marked off from the cerebral 
peduncles by a canal called the cerebral aqueduct it is called the tectum 
and is composed of four hemispherical ele\ations known as the corpora 
quailrigetnina two on each side a superior and an inferior These struc 
lures are reflex centers through which appropriate muscular mo\ements 
such as turning the head and eyes are brought about by visual and audi 
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Fig 37 4 Section through the mid- 
brain (mesencephalon) The ser- 
rated moss of gray tnolter (shaded) 
between the tegmentum and the 
base of the peduncle (crus) on 
each side !s the substontia nigra 
The red nuclei ore not shown in 
the figure; they ore two rounded 
masses of gray matter lying in the 
tegmentum, one on eoch side of 
the mid fine, and through which 
pass the fibers of the oeufomotor nerve The small triangular area surrounded by gray 
matter and lying neor the dorsal port of the midbroin is the cross section of a short 

canal — ^the cerebral oqueduct — which connects the third and fourth ventricfes 

tory stimulation The tsalls of the cerebral aqueduct are composed of 
gray matter From cells in this gray mass the fibers composing the third 
cranial (oailomotor) nerteanse 

The pons The pons is made up to a hrge extent of the ascending 
and descending fibers mentioned above It also contains bundles of fibers 
that run transversely and appear ftarily to surround and clasp the brain 
stem Behind, (ite two open ends of the horseshochke clasp plunge into 
the cerebellum, and constitute its middle peduncles The fibers comjjos 
ing these peduncles carry impulses from the cerebrum to the cerebellum. 
Some of the craninl nenes (p 510) arise from the pons 

The medulla oblengaia The medulla oblongata lies just below tlte 
pons and rests upon the floor of the skull It is continuous below and 
just outside the skull, with the spinal cord This part of the brain also 
transmits the bundles of ascending and descending fibers meimonetl m 
previous sections, and contains as well mnny groups of nerve cells The 
activities of the vital organs — the rate of the heart, the calibers of the 
blood vessels, and the respiratory mo\cments — are governed bv cells in 
the gray matter of the medulla oblongata The motor fibers fonn two 
well-dcfinetl columns called the pyramids (p 50S) on us ventral (ante- 
rior) aspect Many of the cranial nenes also arise from its nuclei — for 
example, nucleus ambiguus, and nuclei of VllI, IX, X, and XI nenes 
(P 510) 

The Interbrain, or diencephalen 

The interbrain, or diencephalon, is situated between the midbram 
and cerebrum, and comprises the thalamus and the hypothalamus 

The thalamus The tinbmus Ute more dorsal part of the interbrain 
1 $ a large gray mass lying in the depth of the brain and completely cov 
eretl by the cerebnim It lies close to the raid Imc, the ihird^ ventricle 
alone being interposed between it and us fellow of the opjsosuc side 
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Rg 37J Thff lhalom and 
brain stem viewed from a 
point beh nd and a 1 ttle 
to ibe right 


(Figs 37 5 37 6) The lateral ventnde pan of whose floor >t forms lies 
above The thalamus is composed ota large number of cell groups (called 
nuclei) through the efferenc and afferent fibers of which it is connected 
with many parts of the brain It ts a great receiving center Sensory im 
pulses— of touch muscle sense etc — ^are relayed to the cerebral corte\ 
(Fig 3715), but im/)ulses serving the sensation of pain end tn the 
thalamus It is therefore a center for the appreciation of pain and also 
of certain other sensations and feelings (p 502} n is ihoiiglu to be die 
seat of consaousness The evidence for these statements is both expen 


Fig 37 6 Vert col {coronal) 
sect on through the bro n to 
show Its internal structure 
Note the cemmissurol fbers 
form ng the corpus callosum 
end the proieet on fbers de- 
scend ng from the cortex 
through the Internal capsule 
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mental and clinicni Disease of the thalamus is associated uith scscre |nm 
and great magnification of certain other sensations and feelings In ojier 
ations upon the brains of conscious patients, slight manipulation m the 
region of the thalamus maj cause sudden unconsciousness As svell as 
being a relay station or a terminal for sensory impulses the thalamus 
receives nonsensor) impulses from the cerebellum and transmits them to 
the cortex of the cerebrum 

The hypothalamus This is the region at the base of the brain lying 
behind the optic chiasma (Ch 41) and beneath the floor of the third 
tentrreie It contains several groups of nertc cells — the /lypotfiafamic 
nuclei — that constitute centers controlling the s)-rap3thetic and para 
sympathetic functions Axons from three groups of nerve cells — the supra* 
optic, paraventricular, and lubcral nuclei — form a bundle of nerve fibers 
known as the hypothalamic<wh)'poph)seal tract This tract enters the 
neural lobe of the h)poph)sis (pituitary body), and governs the libera 
non of the hormones of this part of the pituitary (Fig S7 7) Injur) or 
stimulation of this region of the brain alTecis one or more of the funda 
menial processes of the bod) for example, vasomotor control, tempera 
ture regulation, fat, carboh)drate. and water metabolism, the develop- 
ment of the sex (unctions as well ns gastrointestinal moiilit) It lias been 
rqiorted that electrical stimulation of the h)pothaIamus in animals in 
duces a sleephkc state It also appears to be a center from wliidi the 
reactions expressing the primitive emotions are controlled, for when, 
in an experimental animal ill restraint of the higher centers of the brain 
IS withdrawn by removal of the entire cerebral cortex, the reactions of 
an enraged fighting animat are exhibited Thus a cat that before the 
operation was a placid friendly animal, spits and bares its claws when 
approached, its fur bristles and its tail becomes bushy, as when a normal 


Fig 37 7 D agrom of tSe hy 
poiholome regon and th« 
hypophysis. OC, optic chlos- 
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cat IS attacked by a dog This state of the decorticated animal has been 
appropriately termed sham rage on the other hand, a tract of 

fibers connecting the frontal lobetsith the hypothalamus is sesered a 
naturally ivild and unfriendly animal becomes docile and affectionate 
This latter obsersation has been put to practical adsaniage in the treat 
ment of certain mental states in man Section of this connecting nerve 
tract is often folIot\ed by improvement of the mental condition 

The cerebrum, or telencephalon 

The cerebrum is the domeshapetl mass of brain substance that lies 
just beneath the skull roof and fills the greater part of the cranial cavity 
In man it weighs nearly 2 pounds It is this part that makes tiie human 
brain so different both in appearance and in capability from the brains 
of animals The general form and structure of the human cerebrum 
reminds one of the kernel of a walnut The kernel of the walnut is pro- 
tected by a shell, just as the brain is protected by the skull bone The 
walnut s kernel is divided lengthwise into two halves so also is the cere 
brum each half of which is called a cerebral hemisphere The surface of 
the nuts kernel is covered vutlt many wrinkles — ^mounds and furrows 
Tlie surface of the cerebral hemispheres is WTinkled or grooved tn an 
irregular and somewhat similar way The mounds upon the surface of 
the bram are very important and are called coDvolutioos (Figs 378 
37 10) The furrow between any two mounds if small and shallow, is 
called a sulcus (pi su/ci) If it ts Jong and deep, it is called a fissure. 



Fig 37 8 The human bro n 
from obove A long tu 
d nol r »ure d vides the 
cerebrum into two hemt* 
spheres each of which is 
marked off near its center 
but not d V ded by the 
fissure of Rolando The 
shaded orea in front of 
th s IS the motor oreo The 
bond beh nd marked by 
smoH e rcles Is the somes 
thetc oreo The fssure of 
Rolondo separates the 
frontal from the ponetai 
lobe 



The Brain, or Encepholon * 497 


Fig 37 9 A vertical sec 
tion through the cortex to 
show how the gray matter 
dips into the white matter 
around the fssures and 
suici This rndicofes that 
the convolutions hove 
been formed by on In- 
folding process 



Were we to slice the kernel of the walnut with a sliarp knife, ue should 
find that the cut surface was a cream) color through and through But if 
we s\ere to section one of the cerebral hemispheres in the same rva), the 
cut surface would be found to have a pale grajish or brounisli color near 
the outside of the brain and i lighter creamy color totsard the center 
The darker substance at the surface of the brain— gmy tnailcr — is called 
the cerebral cortex It should be obsersetl that the cortex dtps into the 
fissures and sulci, indeed, in the human brain as much cortex is buried 
in this way as cosers the surface of the comolutions Thus, there is an 
obMous advantage in the convoluted arrangement of ilie brain surface, 
U allows for an increase of cortical gray matter with a minimal increase 
in the volume of (he brain (Figs 37 10, 57 11) The imouiii of gray 
matter of the highly convoluted human cerebrum is immensel) greater 
than that of the brains of subhunnn species without there being a pro 
pomorisl increase in skull capacity 

The cream-colored substance beneath the conex is calleil the zvhtte 



WHITE MATTER 

Rg 37 10 A section of the superficiot Rg 37 11 The hemispheres hove been spread 

part of the cerebrum to show the gray opart to show the connecting moss of while 

molfer of (he cortex ond the under motter— the corpus caJJesum— -wh ch Is olso 

lying while matter partially divided lengthwise to show the cere- 

bellum 


498 - The Nervous Sysfem 

matter ii ts composed ol countless numbers of nerve fibers unh im 
mensel) varied destinations 

The cerebral hemispheres are joined across the mid line by a solid 
felted mass of nerve fibers called the corpus callosum (Fig 37 11) 

The m croscop c structure of the cerebral cortex "W hen a section of the 
cerebral a>riex is made perpendicular to the surface of the hemisphere 
and a thin slice examined under the microscope it is found to have a 
laminated structure. Six lajers have been distinguished and given special 
names based upon the type of nerve cell and the proportion of cells and 
fibers that they contain The layers from without inwards with their 
principal characteristics are as follows 

I Molecular (or plexifono) Small cells and a dense feltwork of fibers 
layer 

II Outer granular Closeiy packed small cells reiau\ely leiv fbers 

IIL Pyramidnl cell layer PyTatnidal cells varying from medium to large 

IV Inner granuhr layer Small star si aped cells and many fiben 

V Gang! onic layer (or inner Giant pyramidal cells (cells of Beti) Tl is 

pyramidal layer) layer is espeaaJJy v ell developed in the mo- 

tor area of the conex (p 497 and Figs 
37 H 3715} 

VI Fusiform cell layer Closely packed small spindle-shaped cells 

hfost of the axons of the nerve cells leave the conical layer in v hicli 
they originate and travel longer or shorter distances before reaching 
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their destinations TJicse fibers are of three classes called respeciisely 
projection, association and commissural The projection fibers are those, 
such as Uie corticospinal that pass to other parts of the nervous system, 
the association fibers connect different parts of the cortex of the same 
hemisphere (Fig S7 II) . the commissural fibers cross in the corpus cal 
losum to the opposite hemisphere (Fig 57 12) 

The lobes of the cerebrum The cerebrum has been marked off into a 
number of masses called lobes Four of these ire shoxm m Figures 57 IS 
and 57 15 Tno main fissures an oblique and a hontontal vxiil be seen 
on the lateral aspect of the hemisphere the first is called the central 
fissure, or fissure of llohndo The part of the hemisphere Ijing interior 
to It IS called the frontal lobe and the pan behind it the parietal lobe 
At the lovier part of the hemisphere a shoulder will be seen This is the 
anterior extremity of the temporal lobe which extends backxsiirds below 
the parietal lobe. The deep horizontal furrow separating this lobe from 
the frontal and parietal lobes is knoxvn as the lateral cerebral sulcus or 
fissure of Sjlrius The portion of the cerebrum Ijing behind the parietal 
and temporal lobes is called the occipital lobe 

/^no'forrs of the censbrnn The cerebrum ts undoubtedly the seat oS 
the mind, It IS the organ of thought Intelligence memory reason and 
all those mental endowments in whicli man excels so greatly the rest of 
animal creation are dependent upon this part of the brain 

In the posienor part of the frontal lobe immediatcl) m front of the 
fissure of Rolando is a long tapering band of cortex called ilie motor 
area (Figs 57 H 37 15) It ts the center for voluntary movement its 
cells giving rise to the corticospinal or pyTamidal tracts whidi as v%e 
have seen descend in the lateral and anterior columns of the spinal cord 
The motor area is continued over the upper border of the hcmisjihcre 
on to the medial surface. The cells in the upper part of the motor area 
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occup>ing ihe lateral surface of the ‘hemtspherc generate impulses caus 
ing movements of muscles that extend or flex the knee joint v\hile the 
lower end of this area discharges impulses that cause movements of the 
face longue and throat From the regions in between are discharged 
impulses to the muscles moving the knee hip trunk shoulder arm and 
hand in this order from above downwards Movements of the ankle and 
toes are governed from the part of the motor area that is continued on to 

Immediately behind the fis- 
sure of Rolando — that is in the 
antenor part of the panetal lobe 
— IS an area of similar extent 
that receives impulses from the 
various receptors of the body — 
receptors of touch heat and 
cold and of movement in the 
muscles and joints (kinesthetic 
sense) This part of the parietal 
lobe IS call^ the somesthetic 
area The center for taste lies at 
Its lower end The center for 
hearing is located in the upper 
part of the temporal lobe and 
in the depth of the fissure of 
Sylvius that for smell lies in a 
deej>er pan of the bram called 
the uncus which is in close rela 
tion to the antenor pole of the 
icmjwral lobe. The center for 
vision IS situated on the medial 
surface of the ocapital lobe 
Destruction of this area in both ocapital lobes would cause total blind 
ness If u were destroyed on only one side blindness of one half of 
each eye VNOuld result (seeCh 41andFig 43 1) 

The identification of the parts of the motor area governing die van 
ous muscle groups v\-as first shown by expenments upon animals espe- 
cially apes and monkeys whose brains resemble most the human brain 
\\hen the motor area of an apes brain is exposed under an anesthetic 
and Its different parts stimulated successively with a weak electnc cur 
rent the muscles governed by the nerve cells in the stimulated part 
contract Thus flexion or extension of a limb can be readily induced 
Similar observations have been made on man during operations upon the 
brain In this way the motor area of the human cerebral cortex has been 
accurately mapp^ out Sometimes an injury to the head causes a piece 


the medial surface of the hemisphere 



F g 37 )4 A lection of Ihe motor ereo of the 
cerebral cortex show ng the large prrani dal 
cells 
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Fig 3715 Showing the functom of the different oreos of the eerebrol cortex 


of the skull bone to press upon ami tmiaie some part of tins area and 
cause uncontrolled muscular coninciions The contractions ulncli at 
first are usuall) confined to a small group of muscles — arm leg etc— 
quickly spread to insoUe other muscles until generalized consulsions 
ma) tieselop This disease cs called JacAsoumn epilepsy B) obserting in 
uhich muscles the contractions start the surgeon knous where to look 
for the irritated nene cells 

It was once thought that the mental processes were carried on mainly 
1/1 tJie fore parts of the frontal lobes But modern evper/menis upon 
higher animals — for example monkeys and apes — and obsenaiions upon 
human subjects who base had the frontal lobes severely damaged by 
accident or removed by operation have required a revision of this belief 
A man deprived of his frontaf fobes, though upon close examination vvi/f 
show some mental and moral defects, may appear quite normal to a 
casual observer and be able to jicrform ordinary mental tasks ‘ No region 
of the cerebral cortex can be singled out as being especially conccrnctl 


‘The cbsiical example of a severe Injury to the fore part of the bnin that rcvulictl 
in furpnsmRiv little raintjl ilcftcts in the case of the Vmctican Tluncas Cage (1818) , 
who sufTcrcil extensive (lantagr of hi* fitmial lobe* from a tamping bar driven ilitoiigli 
hi5 head b) an expfosion The f«r penetrated ihc I ft orbit and emerged ftnm (be mill 
litK of the head just aiitcri >r lo the coronal suture lie vias »iiinm-d for < niy an hour 
and was abk with aisivianci lo walk to a sur{;ct>iis dfev ili. lived fur 12 year* alter 
the aixidcnt and sliuvvcd only miiu r inciiUl ai d muij) thange* 
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«jih intellect If iie think fora moment tt «ill be evident wh) this should 

be so Our intelligence has been deseloped as a result of the manifold 
and sanous impressions from the s^orld around us Our s-anous expen 
ences are imprinted as memory pictures in various parts of the cerebral 
cortex, svhere the impulses receised through the sensory ner\es — sight, 
hearing touch, etc — are interpreted These several areas, as already 
stated, are connected uith one another by great numbers of nerve fibers 
running in the tvhite substance beneath the gray matter of the cortex 
(Fig 37 II) Intellectual capacity is determin^ by the sum of all those 
past experiences that can be recalled in consciousness and by the abun 
dance of the association fibers through which the dilTerent sensory areas 
are in communication with one another Destruction of any one area of 
the cortex, therefore, may reduce but will not destroy the intellect 

It has also been the general belief that the cerebral cortex was the 
seat of consaousness But it is very probable that the conscious state, 
the essential feeling of “awareness’ depends rather upon the activity of 
other deeper (subcortical) parts of the brain the principal one being 
the thalamus and that sensory impulses received in these regions after 
being synthesized into more complex sensations or feelings are passed on 
to the cerebral cortex The cortex elaborates sudi impressions received 
from subcortical levels into the complex mental product that we speak of 
as thought, intellect, or the mind Pam for example, and other sensations 
both pleasant and unpleasant, it appears from the evidence, are felt not 
m the cortex, but in these deeper parts of the brain An animal, such as a 
dog or cat, reacts to arcumstances arising in its environment by expres 
sions of fear, rage or pleasure after complete removal of its cerebral 
cortex, but it displays nothing that might be called mieUigence. Though 
It will eat ns food, avoid obstacles in its way, and respond to a fanghl 
hght or a loud sound, it is little better than a reflex machine 

The corpus striatum and the internal copsule (Figs 37 6 37 16, 37 18) 
The corpus striatum is a collection of gray matter buried in the white 
substance of the cerebrum It is composed of two prinapal nuclear masses 
the caudate nucleus and a larger lens shaped body called the lenticular, 
or lentiform, nucleus The caudate nucleus lies in front of and lateral 
to the tliaJamus, the Jentifomi nucleus is situated in a more posterior 
and lateral position 

Little is known of the functions of the corpus striatum, though it is 
assoaaied in some vray with the lone of the muscles In certain chronic 
nervous diseases in which muscular ngidity is a prominent feature, this 
part of the brain shows pathological changes 

In a horizontal section through the cerebrum, a strip of white matter 
IS seen to intervene between the caudate nucleus and thalamus on the 
medial side and the lentiform nucleus laterally This band of fibers is 
called the internal capsule. It is bent to form an anterior and a posterior 
limb, the angle (or knee) between the two opening ouiwaixis It is 
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Fg 3716 Dagrom of the right corpui 
itriatiim The cort cosp nol f ben (voluntary 
movement) descend in the posterior {mb of 
the internal eopsute; the Internal copiule as 
the bent structure In hatched shod ng 



composed of fibers lliai consey various sensory impulses — touch heat 
and cold muscle sense \isual and auditory — to the cerebral cortex, and 
motor (corticospinal) and other eUcrent impulses from the cortex to 
losver levels of the nervous system The internal capsule is a region of 
the brain where a small lesion will cause the greatest damage to the con 
ducting pathvrays (Fig 37 18) 

The pothway for voluntary motor impulses The pathway for impulses 
that govern the movements of the skeletal muscles consists of an upper 
?nd a lovser link— the corticospinal tract and tlie neurons whose a\ons 
fonu the peripheral motor nerves (Figs 37 17 57 18) These two links 
which arc knovvn as the upper and lower motor neurons respectively are 
connected m the spinal cord that is at the synapse between the lenni 
nation of the corticospinal fiber and the cells of the anterior horns of 
gray matter The axons of the latter cells leave tlie spinal cord by the 
anterior nerve roots The corticospinal fibers winch constitute the upper 
link are as already stated the axons of cells situated in the motor area 
of the cerebral cortex The corticospinal tract m its course througli the 
brain descends through the internal capsule (above), the base of the 
cerebral peduncle, the pons and medulla oblongata Tlicse tracts form 
two well marked columns called the pyramids on the anterior surface of 
the medulla (p 493) At the lower border of the medulla each column 
or pyramid divides into a smaller and a larger bundle of fibers The 
former descends in the anterior column of the spinal cord and has already 
been met with (Ch 35) as the anicnorconicospinal, or direct pyramidal 
tract The larger bundle of fibers crosses with its fellow of the opposite 
side of the medulla and descends in the lateral column of the spinal 
cord as the lateral corticospinal or croswd pyramidal, tract This crossing 
IS called the decussation of the pyramids 

It IS clear that an injury that interrupts the motor pathvray any 
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Pg 3717 (left) 0 agram to show the course loVen by unpuTses from the motor a ea 
of the cerebral cortex to a voluntory muscle The hor contol I nes Ind core the levels of 
the d ffereni ports of the brain stem 

Pg 37 1 8 fr gh/t A more deto led drow ng ihon that shown in F gure 37 17 The block 
dots mark usuol s tes ( nternot capsules) of cerebral hemorrhage l| is clear that the 
Fbers ore massed together at these po nis in order to pass through no row chonnels 
Hemorrhage In e ther of these s tuot ons s therefore I kely to cause destruct on of a 
large number of fbers and so produce a w despread porolys s 

tvhere along its course will present the impulses from reaching the mus 
cles just as surely as a telephone message would fail to be transmitted 
should the conducting wire be broken Paraljsis of the muscles for which 
die impulses are destined will therefore result should disease or other 
injury destroy (1) the motor cells m the oirtex (2) the fibers anpvhere 
in their course to the antenor hom cells (3) the anterior horn cells 
tlierasehes or (4) ihemotornenesgotngtothemuscles 

An injury to the brain mis destroy some of the cells in the motor 
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area of the cortex Apoplexy or cerebral hemorrhage ts clue to the rup- 
ture of a snnil blood \essel in the t\fiite matter of the cerebrum where 
the p)TamidaI fibers pass through that narrow gap or bottleneck 
known as the internal capsule (Figs 37 6 37 16 37 18) The escaping 
blood therefore destroys fibers of the corticospinal tracts and m this waj 
paralyzes the muscles of one half of the botlj — i type of paralysis called 
hemiplegia Since the pyramidal fibers cross at the lower border of the 
medulla or in the spinal cord the parilysis that results from apoplexy 
IS on the side of the body opposite to that in which the cerebral hemor 
rhage occurs In infantile fmralysis (anterior puhomyclitis) some of the 
anterior horn cells are atncketl and destroyed 

The type of j araly’sis caused 
by interruption of the upper motor 
neuron is different from that caused 
by injury to the lower Loss of 
continuity of the upper neuron is 
caused by cerebral hemorrhage 
and of the lower by anterior polio 
myelitis (anterior horn cells de- 
stroyed) or by an injury to the 
peripheral motor nenes In an 
upper motor neuron injury the 
muscles are stiff and the hmbs 
rigid and diOtcitlt for an examiner 
to bend a state generally referred 
{oasspasiie Thckneejerkorcdier 
tendon reflex dej ending upon the 
muscles that are paralyzed is c.\ag 
gerated and atrophy of the para 
lyzed muscles is not a pronouncetl 
feature When the lower neuron is 
interrupted the paralysis is of the 
paccid type tint is the muscles are 
flabby the hmbs flop about a 
condition that has suggested the 
term fladlike The knee jerk or 
other tendon jerk is absent and the 
wsting of the paralyzed muscles is f g 37 tP The tensory pafhwoyi 
often extreme 

The sensory pathways The sensory fibers which enter the spinal cord 
by the posterior spinal ncrac roots and ascend in the jmstcrior columns 
end by forming connections (synapses) a\ith nerse cells in tlie nucleus 
gracilis and nucleus cuncatus situated in the lower part of the medulla 
(Fig 37 19) These nuclei rcceise resjicctisely the similarly named fas 
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aculi The axons of the cells in the nudet cross to the opposite side of 
the medulla (sensory decussation) and ascend through the pons and mid 
brain to the thalamus as a compact bundle called the sensory lemmsnis 
or fillet In the thalamus the sensor) fibers s)napse SMth neurons tshose 
axons relay the impulses to the somesiheuc area of the cerebral cortex. 
Thus, the sensory pathisay for impulses ascending in the posterior col 
umns IS constituted of three neuron links, the first basing its cell body 
in a posterior root ganglion, the second in the nucleus gracilis or nudeus 
cuneaius and the third in the thalamus 

The Spinothalamic tracts (anterior and lateral) ascend through the 
medulla without interruption and join the sensory lemniscus to reach 
the thalamus From here the impulses, except those for pain which end 
in the thalamus are rela)ed to the somesthetic area of the cortex 

Brain waves, the electroencephalogram The electroencephalogram is 
a record of the electrical changes ocaimng in the brain which is ob- 
tained through electrodes applied to the shased scalp From the analysis 
of these records three types of tvaies differing in frequency and height 
have been distinguished and designated alpha, beta, and della The alpha 
waves occur at a rate of about 10 per second The beta waves have a 
higher frequency and a greater amplitude. The alpha waves are obtained 
best from the ocapttal region of the scalp when the eyes are closed, or 
looking at a blank or a uniform surface, they disappear when the eyes 
are opened and the attention directed to any object, or when any mental 
eSort IS made, such as working at a problem in anthmetic (Fig 37 20). 
These waves are therefore characienstic of the inattentive brain The 
beta waves are most readily obtained when the electrodes are on the scalp 
over the somesthetic area of the brain TTie delta waves are the slowest, 
and are rarely seen normally during wakefulness, but are usual during 
sleep 


O C 
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Fig 37 30 A normal eIectro«RcephoIogrom tolcen from 
the ocopita! reg on of the sliull At O the eyes ore opened, 
and closed at C. 

■\\Tien these ‘ brain wavTS ’ were first discovered (m 1929) they were 
looked upon as little more than interesting physiological cunosiucs but 
have since been found to give valuable aid to the physiaan In epilepsy, 
for example, waves of abnormal size, shape, and rhythm appear that show 
speaal and distinguishing features for the three types of tlie disease, 
also, brain tissue m the neighborhood of a tumor generates characteris- 
tically slow waves that enable an examiner to locate the position of the 
growth. 
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The cerebellum, or little brain 

The cerebellum which t$ much smaller than the cerebrum, lies 
under the shelter of the back part of the litter The cerebellum is con 
nected to the rest of the brain by three bundles of nerve fibers called 
cerebellar penduncles It consists of two lateral halves called hemispheres 
These are joined together by a central somewhat elongated structure 
that resembles a worm or caterpillar or the bodj of a butterfly It is there- 
fore called the vermis (L vermis worm) (Fi^ 87 3, 87 21) 


Pig 37 21 The ctrfbellar h«m( 
spheres ond verinis from below 

The surface of the ceiebelhim is quite different in appearance from 
the surface of the cerebrum The irregular convolutions so typical of the 
cerebral surface are not seen several fairly regular and nearly pinllel 
linear grooves or wrinkles mark its surface Like the cercbmm the 
cerebellum is composed of gray and white matter A large part of the grij 
matter is on the surface and is called the cerebellar cortex Masses of 
gray matter are also found in its center the largest of these is called the 
dentate nucleus (Fig 87 22) 

The cerebellar peduncles Three pairs of comjiact bundles of fibers 
constitute the sole paths of communication between the cerebellum and 
the rest of the nervous system these are the superior, middle and wfenor 
peduncles The superior peduncles are comixised mainly of a\ons of 
nerve cells situated in the cerebellum These fibers connect with nene 
cells m the midbrain from which fibeis course upward to the tlnlamus 



CeR£8£LUR HEMISPHERES 



WHITE HATTM 


Fig 37^2 A jecfion through lh« 
center of the cerebellum 
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and are rcla)C(l to the cerebrum and doumsirtl to form connections with 
cells m the pons (pontine nuclei) metlulla or spinal cord These pcdun 
cles also carr) a smaller number of fibers in the opposite direction — that 
IS from the spinal cord through the medulla and pons to the ccrcbclhiin 
The fibers from the spinal cord like those that irascl b) the inferior 
peduncles conse> subconscious impulses from the muscles tendons, 
bones and joints and thus faring to the cerebellum information concern 
ing the moiements and positions of the different parts of the body 

The middle jietlunclcs unite the cerebellum to the pons They arc 
composed of those transserse fibers mentioned before that arc the axons 
of cells of the pontine nuclei These cells are connected m turn with the 
cerebrum Thus through the middle peduncles aiul pons the cerebrum 
IS m communic ition with the cerebellum 

The inferior peduncles faring the cercfaelltim into communication 
with the spinal cord These peduncles are composed mainly of ncr\e 
fibers cairying impulses from the muscles tendons bones and joints 
They also contain fibers that carry impulses to the cerebellum from the 
semicircular canals of the inicmil ear (Cli 10) The complicated con 
nections between tlic cerebellum and the rest of the nenoiis system 
through tlie three pairs of cerebellar pctUincIes will be best understood 
from a study of Figures 37 23 ami 37 21 The cerebellum is connected 
with the spinal cord by all tlircc fietluncles but only through the supC' 
nor and middle peduncles docs it communicaie with the cerebrum 

Funclons of the cerebellum This part of the brain carries out its sery 
important functions beneath consciousness Nonsensnry impulsci are 
being rcceiicd ceaselessly by the cerebellum from \aricius parts of the 
bod) — the muscles and joints of ifie limbs neck and trunk the eyes 
and the organs of equilibrium in the interna! car (Ch *10) The im 
pulses recened from these vnnous pans inform the cerebellum of the 



Fib 37 23 Showng ihe three 
po n of coretellof pedunelev 
1 superior peduncle 2 mid 
die peduncle 3 Infer or pe 
dunde 4 juper or corpu* 
quodr gem num; 5 Infer or cor 
pu» quodrig»m num; 6 floor of 
fourth vent tie forming poite* 
dor ospeci of pon» ond me- 
dulla oblongoto 7 «p nol cord 

8 cerebellum (cut) 
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PEDUNCLE A PEDUNCLE 
CEREBRUM 


Fg 37 34 The peduncles of the 
cerebellum A general view The 
d fferent ports of the bra n hove 
been leporoted to show the cere- 
bellar peduncles more clearly B 
show ng hew nerve cells of the cere- 
bellum connect w th cells In the 
pons medulla and cord 

positions and movements o[ the body and its members The cerebellum 
sends messages in turn through the cerebrum and midbratn to the mus 
cles and keeps them in a certain degree of tension or tautness necessiry 
for the execution of muscular acts m a smooth and coordinated manner 
Precise movements of the fingers or of the limbs for example would be 
impossible in the absence of the cerebellum In experimental animals 
deprived of this part of the brain or tn |>atients suircrmg from cerebellar 
damage (tumor or gunsiioi wound) the movements hek smoothness and 
precision trembling and jerkiness of action result The tension of the 
muscles necessary for standing or for walking or for holding the limbs 
firm and steady is lost Nonnaily messages from the cerebellum dis 
pitcl cd to the neck muscles keep the head poised at the correct angle 
no matter what change is made in the body s position 

The information transmitted to the cerebellum from tlic cquilibrat 
ing apparatus of the internal ear and the impulses that it in turn dis 
cliargcs are probably of greatest importance with regard to maintaining 
the correct jiosmon of the head in space but afferent impulses received 
from the eyes and the neck mtisclcs are also essential Falling backwartl 
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or to one side or the other is a common manifestation of disordered 
cerebellar function The impulses that the cerebellum transmits to tlic 
muscles do not themsehes induce mosements but by contributing to the 
maintenance of tone, the cerebellum conditions the muscles for the recep- 
tion of motor impulses from the cerebral cortex, and therebj renders 
soluntary mosements surer, more precise, and more forceful 

The functions of the cerebellum may be summed up as follow-s 

1 To keep the muscles in a normal state of tension or lauiness 

2 To reinforce the action of the motor area of the cerebral cortex 

S The luo foregoing functions allosv musailar mosemenis to be 
nicel) gauged and to be earned out with the usual smoothness preasion 
and strength 


THE CRANIAL NERVES 


The nenes arising from the brain are ts^ehe in number on each 
side They are designated b) number m the order of their origin, from 
before backsvartl Roman numerals 1 to XII are usually cmplojcd in 
referring to them or the Mords /irst, second, t/iird, and so on (Figs 3725 
57 26) Each nerse also receues a name descriptive of its function or 
distribution The numben and the corresponding names of tlie cranial 
nerves are given in die follomng list 


I Olfactory 
II Optic 

III Oculomotor 

IV Trochlear 

V Trigeminal 
\ I \bduccni 


VII Faaal 

Vin Acoustic (or vudiiory) 
IV Glossopharyngeal 
X Vagus 
XJ Accessory 
XII Hypoglossal 


The olfactory nerves, or nerves of smell are a number of short 
slender nerves that are distnbulcd to the olfactory mucous membrane 
aivering the roof of the nose They vsifl be described in the section on 
the sense of smell (Ch 47) 

The optic nerve or nerve of siglit is composed of the axons of the 
ganglion cells of the retina The central connections of the fibcn of the 
optic nerve will be described in the section on vision (Ch 41) 

The oculomotor nene arises from the group of nerve cells the 
nucleus of the oailomotor nerve situated in the gray matter of the floor 
of the cerebral aqueduct (p 492) The fibers course forward through the 
midbrain emerging from the medial aspect of the cerebral peduncle 
The oculomotor nerve supplies all the eye muscles v>ith the e-xccpiion 
of the superior oblique and external rectus which arc innervated, rcsjico 
lively by the troclilear and abducent nerves It also conveys parasym 
pathetic fibers to the consinctor muscle of the ins and to the ahary 
muscle 
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The trochlear ner\e has its nucleus in the floor of the cerebral aque 
duct a little behind the oculomotor nucleus It emerges from the brain 
at the lateral border of the pons The trocltlear nerve supplies the supe- 
rior oblique muscle of the ejeball 

The trigeminal nerve contains both sensory and motor fibers. Its 
motor fibers are the axons of a group of cells situatetl m the upper part 
of the pons This collection of gray matter is called the motor nucleus 
of the trigeminal The sensory fibers originate in the tngeminal (semt 
lunar) ganglion which lies ujion the floor of the skull and is homologous 
with the posterior root ganglia of the spinal nerves The central processes 
(axons) of the ganglion cells form a short trunk the sensorj root of the 
tngeminal vvhicli enters the bram with the motor root ithm the brain 
the fibers of the sensory root divide into ascending and descending groups 
The former end in a collection of gray matter the superior sensory 
nucleus o! the tngeminal situated m the pons close to the motor nucleus 
These fibers mediate the discriminative qualities of sensation — such as 
light touch localization and kinesthetic seme — from the face The de 
scending fibers terminate in the spinal nucleus of the tngeminal nerve 
an elongated mass of gray substance extending from the lower part of 
the pons to the upper part of the spinal cord The fibers entering (he 
spinal nucleus transmit impulses of the crude forms of sensation from 
the tac^namel^ pam and extremes of temperature The peripheral 
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processes of the cells of the tngemmal ganglion form three nene trunk* 
or dii/isjons named respectuely, the ophthalmic, maxillary, and man 
dibular nerves, tvhich are dtstnbuied to the skin of the face, forehead 
and antenor half or more of the scalp, to the eyeball and conjunctn-a, 
to the mucous membrane of the nasal cavities, to the teeth and gums 
and to the antenor t^o thirds of the tongue The motor fibers of the 
trigeminal supplj the muscles of mastication The skm areas supplied by 
the three duisions of the trigeminal nme are shown in Figure 37 2a 
see also Figure 37 26 

The abducent nene arises from the abducent nucleus situated m 
the lotver part of the pons beneath the floor of the fourth \entncle The 
nene emerges from the antenor aspect of the brain in tlie groove Ijing 
betvseen the pons and the upper end of the pyramid of the medulla 
oblongata It supplies the external rectus muscle of the eyeball 

The faaal nene has a large motor and a small sensory root The 
fibers forming the motor root arise from the motor nucleus, which lies 
m the lower part of the pons This root also transmits secretory and vaso- 
dilator (parasympathetic) fibers to the submaxillary and sublingual 
glands, these fibers anse from a separate group of nene cells — the supe- 
rior salnatory nudeus—lytng in close proximity to the motor nucleus 
The motor root of the nene leaves the anterior aspect of the brain at 
the lohcr border of the pons The fibers of the sensory root (also called 
the nervus intermedius) are the axons of cells situated in the facial 
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(geniculate) ganglion ^^hlch lies within a caml in the temponl bone 
The sensory root enters the bnin m dose association with the motor 
root The peripheral processes of the ganglion cells are distributed to the 
anterior two thirds of the surface of the tongue They transmit impulses 
of taste to a nucleus in the medulla oblongata named the tractus soli 
tarius From the latter the impulses are related to the thalamus and 
thence by tertiary neurons to the center for taste in the cerebral cortex 
(p 500) Both taste and parasympathetic fibers (secretory and \asodiIa 
tor) lease the facial trunk in its chorda tyanpani branch The motor 
fibers of the facial nerse form a stout trunk that leases the cranial 
easily through a small opening in the floor of the skull The nerse curses 
fon ard belosv the ear to reads the face s\here it breaks up into nuraer 
ous branches These supply the musdes of the face lips eyelids foreiiead 
and anterior part of the scalp 

The acoustic or auditory nerve is entirely sensory in function It 
cons sts of ts o distinct sets of fibers the cochlear and scstibular nerses 
The terminations of these nerses are described in Chapter *16 

The glossopharyngeal nerse contains motor sensory secretory and 
vasodilator fibers The motor fibers issue from the upper part of the 
nucleus ambiguus situated in the metlulla oblongata and are distributed 
to a single muscle (the siylopharyngeus) The sensory fibers conduct 
impulses of taste from the posterior third of the tongue to the losver part 
of the tractus sohtarius The taste impulses are relayed to the optic 
thalamus and thence to the cerebral center for taste Sensory fibers are 
also distributed to the mucous membranes of the pharynx tonsil and 
palate they convey impulses of ordinary sensation— touch temperature 
etc The secretory and \-aso hlator (parasympathetic) fibers leave the 
glossopharyngeal nene in the tympanic brandi and are distributed to 
the parotid gland The secretory and vasodilator fibers have their ongins 
m the inferior salivatory nucleus which lies below the superior saliva 
lory nucleus The glossopharyngeal nerve also sends a fine branch com 
posed of afferent fibers to the carotid sinus it is called the sinus nerve 
(Ch 17) 

The vagus nerve contains motor sensory secretory and xasodilalor 
fibers The motor fibers ire of two types — voluntary and autonomic The 
fibers to voluntary muscle originate in the lower part of the nucleus 
ambiguus These fibers are actually derived from the cranial root of 
the accessory (eleventh cranial) nerve they supply the cricothyroid mus 
cle of the larynx and the inferior constnetor muscle of the pliarynx The 
autonomic motor fibers are distributed to the muscles of the bronchi heart 
esophagus stomach gall bladder pantreas small intestine and first third 
or so of the large intestine inhibitory fibers pass to the heart (Ch 17) 
The involuntary motor fibers the secretory fibers (to the gastric glands 
and pancreas) the cardiac inhibitory fibers and the vasodilator fibers 
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belong to the parasjmpathetic du'ision of the autonomic sj-stem They 
arise from the dorsal nucleus of the vagus This nucleus is a mixed one, 
for It IS also a terminal for sensory fibers Some of the latter connect 
with motor autonomic neurons within the dorsal nucleus %\hicli thus 
functions as a reflex center 

The vagus emerges from the lateral aspect of the medulla oblongata 
as a senes of rootlets that soon join to form a stout trunk This Jeaies 
the skull through the jugular foramen, and passes down the neck in close 
relation to the internal and common carotid arteries Tuo ganglia are 
situatetl upon the sagus trunk the upper one lies within the juguhr 
foramen at the base of the skull the other just below the point where 
the ner\e issues from the skull The afferent fibers of the vagus base 
their origin within these ganglia 

The accessory nerve is entirely motor in function and consists of a 
cranial and a spinal root The cranial fibers arise from a nucleus lying 
belosv and continuous with the lower end of the nucleus ambiguus They 
lease the side of the medulla oblongata as four or five delicate strands 
that after uniting pass from the skull through the jugular foramen The 
spinal fibers are the axons of anterior horn cells situated in the upper 
five cervical segments of the spinal cord This part of the nerve enters 
the cranial cavity tiirough the foramen magnum and re-enters the neck 
through the jugular foramen Within the latter foramen it joins the 
cranial part, but becomes separate again almost immediately 

hfost of the muscles of the pharynx larynx and soft palate are sup 
plied by the cranial part of the accessory nerve The fibers pass into the 
phsrj-ngesl and larjngeal branches of the lagus through iihich the} are 
distributed to voluntary muscles in ihcse structures (cricothyroid and 
pharyngeal constrictors) The spinal part sends fibers to certain muscles 
of the neck and shoulder (siernomastoid and trapezius) 

The hypoglossal nerve IS distnbmetl entirely to the muscles intrinsic 
and extrinsic, of the tongue Its fibers arise from the hypoglossal nucleus 
in the medulla oblongata and appear as a senes of rootlets m the groove 
siiuTted on the anterolateral aspect of the pyramid The rootlets leave 
the skull through the hypoglossal canal and unite just below the base of 
the skull The trunk, so formeil curves forward in the upper pan of the 
neck to reach the cavity of the mouth 

THE MEMBRANOUS COVERINGS (MENINGES) OF THE 
BRAIN AND SPINAL CORD 

The brain and spinal cord are enshealhed by three membranes 
called from without inwards the dura mater, arachnoid mater and pia 
mater 

The dura mater is a strong fibrous and relatively thick membrane 
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that serves as a penosteal lining for the skull as well as aco\ermg for the 
brain It consists of an outer and an inner lajer and gives off four proc 
esses, or sepia, that extend between pans of the brain The two lat^est 
of these are the falx cerebri, a sickle^ltaped process that descends ver 
tically between the cerebral hemispheres and the tentorium cerebclli, 
a crescentic partition running honzontally fonvard between the cere- 
bellum and the occipital lobes of the cerebrum (Fig 37 27) A third 
process the falx cercbelli, also sickle-shaped, projects forward from the 
under surface of the tentorium cerebelh into the notch between the pos 
tenor parts of the hemispheres The fourth process of the dura mater is 
a small sheet called the diaphragma selhe. it forms the roof of the sella 
luraca, of the sphenoid bone which lodges the pituitary body An open 
mg in the center of the diaphragma sellae gives passage to the stalk of 
the pituitary The spinal part of the dura mater is continued downwards 
to form a loose investment for the spinal cord It sends tubular sheaths 
to enclose the spinal nerve roots and the commencements of the spinal 
nerves 

The araclinoid mater is a more delicate membrane consisting of 
librous and elastic tissue covered b) endothelium It forms a loose invest 
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merit for the brain and is separated from the dura mater b) a space (the 
subdural space) crisscrossed by a network oC conneciue tissue strands 
(Fig 3727) The arachnoid mater is continued downwards to ensheath 
the spinal cord This membrane does not dtp into the fissures and sula 
of the cerebrum hut bridges them thus leasing small spaces filled with 
cerebrospinal fluid In certain regions the intersal between the aradmoid 
and pia maters which is known as the subarachnoid space becomes ex 
panded to form much larger containers for the cerebrospinal fluid they 
are called the subarachnoid ctstemae They are created by the arachno d 
stretching oi er the depressions in the contour of the brain (Fig 37 28) 
Tile largest of these spaces is called the cistema magna or cisiema cere- 
bellomcdullaru As the latter term indicates this space lies in tl e angle 
formed by the medulla oblongata and the cerebellum Fmgerhke proc 
esses of the arachnoid knot n as the arachnoid granulations project into 
die superior sagittal transverse and other intracranial sinuses 

The pia mater is a delicate s-ery rascular membrane that adheres 
closely to the surface of the brain and is extended into the fissures and 
sulct of the cerebral hemispheres It like the other membranes is con 
tinued over the surfaces of the spinal cord 

The venfr cular system Four spaces filled with cerebrospinal fluid are 
to be found within (he brain Ksclf TTiey are called the lateral (patted) 
third and iourth ventricles The lateral 'entncle is the largest of the 
three (Fig S7 29) and is situated one m each cerebral hemisphere U 
consists of a central portion and three prolongations called /lonu— a Ue 
nor inferior and posterior — which extend resj)eciively into the frontal 
temporal and occipital lobes The lateral part of the upper surface of 
the tlialamus and the caudate nucleus lie m tlie floor of the central \ or 
tion The corpus callosum forms its roof The third vemricle is a nar 
row cleft between the two thalami its floor is formed mainly by the 
hypoUialamus The fourth xcntnclc is a diamond shaped space between 
the cerebellum behind and the pons and upper half of the medulla 
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Pronouncetl changes from the normal are found in these conditions such 
as a high concentration of protein and the presence of granuhr leuco 
c)tes A sample of cerebrospinal fluid is obtained for examination b) 
lumbar punclure tshich consists m introducing a specially designed hoi 
losv needle between the tlurcl and fourth lumbar \ertebrae and into the 
subarachnoid space. The fluid escapes drop by drop under its otvm pres 
sure Sometimes a sample of cerebrospinal fluid is wthdrassn from the 
cisterna magna through a needle inserted between the atlas sertebra and 
the occipital bone or a sample can be obtainetl from a lateral -ventricle 

The cerebrospinal fluid is produced by the choroid plexuses clneflj 
b) a process of secretion but to a small extent also by filtration from the 
vessels The fluid is reabsorbed by the arachnoid granulations the total 
volume of fluid being kept constant by the fine balance set between pro- 
duction and reabsorption 

Hydrocephalus This condition consists of a great increase in the vol 
ume of cerebrospinal fluid It is usual!) congenital The accumulation of 
fluid causes separation of the bones of the skull with consequent expan 
Sion of the fontanelles and enlargement of the head This form of the 
disease is called tnlcrnal hydrocephalus because it is caused by blockage 
of Che arculation of the fluid at some point in the ventricular system 
such as the foramen of Munro or where tlie fourth sentricle communi 
cates with the subarachnoid space Since cerebrospinal fluid continues 
to be produced by the choroid plexuses but cannot reach the arachnoid 
granulations to be reabsorbed the ventricles become greatly distended 
by the fluid Blockage may also occur in older persons but is then usually 
due to meningitis or tumor The fontanelles being closed there is little 
or no enlargement of the head but the rise in intracranial pressure dam 
ages nervous structures Increase in fluid in the subarachnoid space is 
called external hydrocephalus and is due usually to some obstruction 
in the region of one or another of the cisternae 


CONDITIONED REFIEXES 

The unconditioned reflex, which has been considered in connection 
with the seaetion of saliva (Ch 25) and with reflex action (Ch 51) is 
earned out entirely through centers situated in the spinal cord or loww 
(subcortical) levels of the brain Unconditioned reflexes arc inborn they 
are not dependent upon past experience education or training In con 
diiioned reflexes, on the other Iiand the activity of the cerebral cortex 
plays an essential role. Conditioned reflexes were first demonstrated and 
studied by Pavlov the Russian physiologist and most of the knowletlgc 
which we possess of this type of response is the outcome of his mvestiga 
tions An understanding of the conditioned response can best be gamed 
by giv mg a few examples of tlie results of Professor Pav fov s experiments 
(see also Ch 25) 
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■WTien a ne» born puppy is given milk to dnnk there is a secretion 
of saliva due to the stimulation of the taste buds in the mouth The 
reflex arc in this instance is constituted of the nerves of taste the sahvar) 
centers in the medulla and the secretory fibers (chorda tympani or 
glossopharyngeal) to the salivary glands This is a simple or uncondi 
tioned reflex and as just stated is quite independent of previous expe 
rience gained through any of the organs of speaal sense Now as the 
puppy grows older it associates the appearance or smell of the milk or 
both with Us taste and the pleasure of gratifying the appetite The mere 
sight or smell of the milk will then eliat a secretion of saliva such a 
response is called a condiltoned reflex Pathways have become established 
in the brain between the cortical center for sight or for smell and the 
salivary center In other v\ords the visual and olfactory stimuli — condi 
honed stimuli — set up impulses that impinging upon the salivary centers 
are capable alone (that is without sumulating the nerves m the mouth) 
of exciting them (see Fig 25 4) !f on the other hand a puppy that has 
never tasted meat is offered some (but is not allowed to taste it) there is 
no secretion of saliva The assoaation paths between the higher centers 
of the brain and the secretory centers Iiave not been developed Condi 
Honed reflexes become established not only with respect to fecthng and 
the secretion of saliva but m many other similar v\ays m the everyday 
life of the growing animal Sucli processes are essentially psychic in char 
acter and dependent upon experience They therefore form the basis of 
training and are of the greatest biological importance. The animal 
through the conditioning process reacts appropriately to the v-arious 
stimuli — beneficial or injurious— in the environment responses exata 
tory or inhibitory may be evoked. 

The Pavlov school has shown Uiat conditioned responses can be 
develojied experimentally to an extraordinary degree For example if a 
bell IS rung withm a dogs hearing and a moment later the animal is fed 
a secretion of saliva occurs After a few expencnces of this sequence of 
events — sound of bell following by feeding — an association beiv cen the 
two IS established m the animal $ brain and the mere ringing of the bell 
causes a secretion of saliva Of course saliva would have been secreted 
if the animals taste organs had been stimulated by food though no bell 
had previously been rung this is an unconditioned reflex and direct 
stimulation of the taste organs an tmeon lilioncd stimulus (Ch 2a) 
Now the experimenter will not be able indefinitely to bring about a 
response by the sound of the bell alone. If the animal is not rewarded 
from lime to time by fowl sudi as an appetizing chunk of meat the 
conditioned reflex becomes v eakcr and weaker with repetition and 
finally dies out — it is inhibited or suppressed. Its maintenance by feed 
ing IS called reinforcement 

The flash of a light the sound of a buzzer horn or ticking metro- 
nome a particular odor a touch upon the skin or the passive movement 
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of a limb into a certain |)osition, and many other types of stimuliis may 
serve for the establishment of the conditioned response — that is, ma> act 
as conditioned stimuli The conditioning process can be so desclopetl 
that stimuli closely similar in character can be differentialcd with aston- 
ishing precision. A dog in which a conditioned sali\-ar) reflex has been 
established to a sound of a certain pitch {oudilory stimulus) will not 
respond to a sound of the same quality and intensity but sarjing in 
pitch Irom the original by only tivo or three double vibrations per 
second 

Differentiation of visual stimuli can also be developed to a phenome- 
nal degree Figures of s’arious shapes — a cross, a srjuare, or circle — are 
readily differentiated (see. Hg. 37.30). A circle can be differentiated bj the 
dog from an ellipse, whose diameters haxe a ratio no greater than 9 to 
10. That IS, if a salivary conditioned reflex has been established to a 
arcular object, such as an unilluminated disc, it alone exokes a response. 
A disc precisely the same in all respects except that it is not quite circular 
but has diameters in die ratio of 9 to 10 svill not cause a secretion of 
saliva. Olfactory, tactile, and proprioceptise sttmuli can likewise be dif- 
ferentiated with remarkable precision. 

These are all t>pical examples of conditioned rene.xcs. They arc 
brought about through associations formed in the brain between sight, 
smell, hearing, touch, or certain other sensations and the sense of taste. 
This implies that those parts of the brain where tlie sensations of sight, 
smell, hearing, eta, are recorded, are connected b> nerxe fibers with that 
part xvhere are seated the memories of taste. This latter region of the 
brain must also be connected with those nene cells dial send secretory 
fibers to the salivary glands. Unquestionably the higher parts of the brain 
play an essential part and Intelligence and education are necessary for 
die ehatation of the reflex. 

The precise pailnvays taken by the nene impulses when, for exam 
pie, a secretion of salh’a occurs as a conditioned reflex are not known 
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Rg 37.30 Exomple* pf different figures that were luceess- 
fully differentiated In experiments upon o dog The letter T 
shown lo the vpper left hand comer of the figure lenred for 
the positive stimulus, the other block figures ond the white 
letter T were differentiated from the positive stimulus In 
onother dog the white cross woi the positive stimulus from 
which the other white figures were differenfioted ffrom 
Partor, Conditioned Reflexei. Oj/o/d l/nJverwty PreisJ 
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But we may imagine m i general tlieir course Lei us sa) that secre 
lion has been causeJ by the sight of some appetizing food or merely by 
a Msual stimulus (sucli as a flash of light) that pre\iousl> has been asso- 
ciated during a period of learning Hith an agreeable taste The 
impulses set up in the retinas are transmuted along the ner\es of the 
eyes (optic nenes) to those parts of the brain nhere visual sensations 
are interpreted and recorded They then pass (actually fresh impulses are 
set up) as in a groose or channel establish^ by previous experience 
along nerve fibers to the region where memories of taste are storetl and 
from there to nerve cells (salivary center) in the hindbrain (medulla) 
from which the nerves to the salivary glands arise or the impulses may 
take a more direct course as shown in Figure 25 4 from the visual to the 
salivary center 

It IS evident that conditioned reflexes afford a valuable means for 
studying perception in animals It has been established for example that 
the dog possesses the ability of discriminating between slight variations 
m the intensity quality and pitch of a musical note between various 
odors and by sight between objects of different sizes and shapes and 
between lights of different intensities Colors on the contrary cannot be 
differentiated nor can a colored object be distinguished from a colorless 
one of the same size and shape It is concluded iherefore that the dog is 
totally color blind us surroundings being perceived only m white gray, 
and black 


THE PHYSIOLOGY OF SLEEP 

During sleep most of the functions of the body are earned on at the 
lowest levels possible in health Heat production is from 10 to 15 percent 
below the so called basal level Tic mechanisms regulating the body 
temperature are less sensitive than in the waking state and the tempera 
tiire IS depressed by I® or 2® F the rate of the heart is reduced in fre 
quency by from 10 to 30 beats jier minute and a decline in blood pres 
sure of about 20 mm occurs in quiet restful sleep The urine volume is 
considerably reduced but its concentration in solids is increased The 
aiiancous vessels are usually dilated and the secretion of sweat is stimu 
laietl The tone of all the skeletal muscles ts lesscnetl tlie deep tendon 
reflexes are depressed or abolished and there may be a Babinski (exten 
sor) response of the great toe (glossary) The eyes are usually rolled 
upward and the pupils constncicil Gastric motility and secretion have 
a tendency to be greater during sleep than in the waking state 

Seriously detrimental effects may be exerted upon the nervous svs 
icm by lack of sleep Experiments upon human subjects in which wake 
fulness was enforred for long periods caused jirofound psydiological 
changes In one senes of experiments the volunteers went vMthoiit sleep 
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for periotls of a duration up to 112 hours Loss of menior). irritability, 
hanucinaiions, and e\en schiroplirenic manifestations tserc obsened 
sMthtn from 30 to 60 hours of sleeplessness 

The required hours of sleep; depth of sleep. The amount of sleep re- 
quired at different ages U gt\en in ilic table below. Adults vary greatly 
in the hours of sleep that they find necessary to "knit up the ravelled 
sleeve of care." 


Hourt 


Nev, bom 18 20 

Gro>^mg children 10 12 

Adults ... ... 6-9 

Aged persons 57 


The depth of ordinary restful sleep fluctuates throughout the sleep- 
ing period In most adults, steep deepens through the first hour, after 
vvhich It lightens rather sharpiv, and then more gradually until morning, 
or until the usual time of wakening In growing children, however, slceji 
dec|)ens a second time for a little while in the eighth or ninth hour. 
In these obscnations the depth of sleep was judged by the amount of 
movement of tliesubjects 

Theories of sleep. Many theories have been advanced to explain the 
temporary loss of consciousness that vvc know* as sleep. Their very tnulil 
pliciiy emphasizes the tlifficulty of finding a satisfactory explan.'iiion of 
the physiological processes underlying the phenomenon Probibly die 
oUlcsi theory is that sleep is induccil by a reduction in the bloovl supply 
to the brain, or at least to the conscious centers This is the so-called 
ischemic theory. Even the andcni Greek physiaans had an idea that the 
carotid artery was in some voy concerned vMth the onset of slce[). The 
name itself embodies this belief (Gk. karotules, carotid arteries, from 
karoo, to put to sleep) In modem times the drowsiness after a nie.vl (the 
blood being diverted presumably from the brain to the digestive organs) 
was |>ointcd to in support of die ischemic theory. 

Some have favorcvl a chemical theory, in one form or another. Cliem 
icals such as lactic acid, acetylcholine, bromide, or a specific "fatigue 
toxin" were sujiposcd to accumulate during tlic waking hours that acted 
like a drug upon the nerve cells of the higher centers of the brain hut 
no sound evidence can be cued in confirmation of this theory. 

It would carry us too far afield to discuss all the various theoncs. 
nor would it be of mucli profit to do so However, three theories vvill be 
briefly rcvicvscxl. 

The fint of these places a sleep center in the hyjiotljalamus fp 19j) 

A state at least closely resembling sleep has been inducctl in animals by 
the electrical stimulation of this region of the brain. It is alio true that 
many of the bodily changes in sleep— such as constriction of the pupil, 
vasodilatation, reduced frequency of the heartbeat, increased gastric tone 
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and secretion — are manifestations of actisity of h)pothalamic nuclei 
(especiall) of jiarasj mpaihetic centers) 

The second theorj to be outlined is that uhich has as its cliief basis 
the reduction in the discharge of the afferent impulses from the penph 
erj to the conscious centers During waking hours these centers are being 
continually ‘ bombarded by impulses from the organs of special sense 
as tvell as from the skeletal muscles (impulses of kinesilietic sense) and 
semicircular canals The centers are being constantly alertetl 'Kuitvhen 
the sum of these impulses is reduced to a minimum, consciousness be 
comes dulled and sleep is induced That muscular relaxation and freedom 
from Msual, auditory, and cutaneous stimulation are conducive to sleep 
needs no emphasis ^Ve require a dark and quiet room a soft bed, and 
an even, comfortable temperature m order to sleep But the reduction in 
the flow of afferent impulses to the bmn can be no more than a con 
tributory factor in the onset of sleep, for tlie presence of all the desirable 
conditions mentioned will not aluavs bring sleep On the other hand, 
sleep may supenene m the face of the most adverse conditions, in a 
bright light and noisy surroundings, and even on hard ground 

Pavlov, as a result of Ins study of conditioned reflexes m dogs, pro- 
posed a theory of sleep based on conditioned inhibition caused by the 
repeated elicitation of a conditioned response vvithout reinforcement (see 
conditjo/icfl reflexes, above) The conditioned inhibition thus established 
tn one area of the cerebral cortex may spread to assoented areas and 
finally involve the entire cortex Sucli widcsjircad cortical inhibition is 
sleep, according to Pavlov It may be induced by various types of condi 
tioned stimulation if repeatedly applied It is a familiar experience that 
a monotonous sound, an uninteresting, uncliangmg view, a boring Icc 
lure or speech, or any recurring event for nhich our interest flags, is 
conducive to drowsiness Counting slieep, ihe least exaiing of animals 
IS a well known device resorted to by those suffering from insomnia 
Pavlov describeil some experiments in which the animal subject would 
fall into a sleeplike state standing m lU harness and even v\hile it was 
being stimulated All attempts to elicit the conditioned response failed 
Ow latev occasvcvvvs, «. v.ouUl tall asleep v.Uew vuetely bvowgUt, wvvo vUe 
room where tlie jirevious exficriments had been conductcti The well 
known surroundings Ind themselves acted as conditioned inhibitory 
stimuli There is little doubt but that the familiar appointments of our 
betlroom (we know very v>ell that it is more difficult to go to sleep in a 
strange room) , the preparation for bed, the feel of the bedclothes and 
even the time of retiring act in a similar way upon ourselves Having 
been associated innumerable times with sleep, they act as inhibitory 
conditioned stimuli and induce in the cerebral cortex an inhibitory inflii 
ence that gradually diffuses over broad areas. 

All three of the theories that have been hrrefly sketcJied have in them 
cich a degree of truth, but no one alone is entirely satisfactory 



524 - T/je Nervous System 


THE AUTONOMIC NERVOUS SYSTEM 

The autonomic (Gk autos, self + tiornos, hw, that is, selfgo\cm 
ing), or involuntary,* nenous s}stem governs those functions that are 
carried out automaticall), and that under ordinar) circumstances do not 
obtrude upon consciousness These functions include the control of the 
rate of the heart, the movements of the gastrointestinal tract, the caliber 
of the small blood vessels the contraction or inhibition of smooth muscle 
in v’anous other structures (for example skin urinar) bladder, gall 
bladder, and bronchi), and (he secretion of the svieat glands and of 
various digestive glands 

The nerves of the autonomic nervous sjstem anse from groups of 
cells situated at diflferent levels of the central nervous sjstem, from the 
midbram to the sacral region of the spinal cord The fibers, after issuing 
from the brain or cord, make connections uith nerve cells situated either 
in a ganglion or in the innervated organ itself (smooth muscle or gland) 
The impulses are transmitted to the structure to be activated by the 
axons of the ouUjtng nerve cells Tlicse fibers are called /jortganghmne, 
those arising from cells vMthin the central nervous sjstem are termed 
pregangbontc 

The autonomic nenous sjstem is divided upon in anatomical as well 
as upon a phjsiological basts into tvvo parts, called the sympathetic ani 
the paTasympalheiie divisions (Plate Ve) 

The parasympathetic division Tlie parasjTnpatheiic division is sub 
divided into a cranial and a sacral oulpow The preganglionic fibers ol 
the cranial outflow arise from groups of cells situated in the midbmin. 
pons and medulla oblongata The midbrim fibers originate in the oculo- 
motor nucleus and connect with cells m the ciliary ganglion poslgan 
glionic fibers are distributed to the ins and transmit impulses that con 
strict the pupil The cells in the pons are in close association vMih the 
nucleus of the facial nerve, ihe pieganghonic fibers are comejcd in ihc 
chorda tjmpani brancli of the facial nerve to ganglion cells sitiiaietl in 
or in close relation to the submaxillarj and sublingual (sahvarj) glamh 
From here the impulses are transmitted bj postganglionic fibers to the 
gland cells The fibers in the cJiorda tymjiani nerve are vasodilator as 
vvell as secretory in function 

In the medulla, the cells giving rise to the parasvmjiuhcuc fibers 
are situated m the glossojihaiyngcal ami vagus nuclei ^ he former enter 

"The name aulonemie though now most tommonk used is miileadiiig for lhi» 
sisicm eannoi act indcpcndcnil) ol iJie central nenous n«rm V« mil irm the 
Roieming cclli lie snlhin the ipinal cord am! Imin The aiUoocHnic n«iein cannot 
function after its connections s*ilh the crnirat ninrms »)stcni hair Ixrii seiete*! 
Im'oluntaTj ncnoiu s}stcm is therefore a better name 
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ihe glossopharyngeal nene and pass to the otic ganglion from here 
postganglionic fibers comejing sasodilaior and secretory impulses are 
relajed to the parotid ghnd 

The s'agus ner\e is composed m the mam of paras)mpiihetic fibers 
these ha%c a \ery wide distribution — to the heart bronchioles esophagus 
stomach small intestine and first third of the hrge intestine pancreas 
liter gall bladder and bile ducts The preganglionic fibers of the vagus 
may therefore be 2 feet or more in length whereas the postganglionic 
fibers are very short The latter fonn a rich plexus — Auerbach s plexus — 
m the walls of the gasirointeslinal tract bronchioles iiul biliaty ducts 
Groups of (ganglionic) nerve cells are scattered throughout the plexus 
of fibers 

The cells of tlie sacral outflow are situated in the second third and 
fourih sacral segments of the spinal cord The fibers leave the cord by 
the anterior spinal nerve roots Separating again from the other anterior 
root fibers the) combine to form the pelvic nerve This nerve supplies 
motor fibers to the distal two thirds of the large bowel and to the wall 
of the urinary bladder and vasodilator fibers lo tlie penis and clitoris 
It also contains inhibitoiy fibers to the internal anal sphincter and to tlie 
internal sphincter of the bhdder The postganglionic fibers of the sacral 
outflow arise from smalt ganglia situated in close proximii) to or m the 
walls of the innervated organ 

The lympoiheiic dvson The preganglionic fibers of the sympathetic 
nerves are the axons of cells m the spinal gra) matter between the ante 
nor and posterior horns from the first thoracic to the second or third 
lumbar segments inclusive The sympathetic is therefore conimnnl) 
referred to as the thoracicolumbar outflow of the autonomic nervous 
sjstem The preganglionic fibers leave the cord by the anterior roots of 
the corresponding spina] nerves (Fig 37 31) The ganglia of the svm 
palheiic are in tvvo mam groups the vertebral and tJic / rcverlebral The 
vertebral ganglia are situated on either side of the vertebral column 
(Plate Va) They appear as a senes of 22 svvellmgs on each side con 
nccted together to form a long beaded cord This extends from the bise 
of the sUiff to the cocq'X and is caWeif the ganghated cord of the svm 
pathetic. The prcvcrtcbral ganglia are larger than the vertebral thev 
he in front of the spinal column and in close rchiion to the aorta and 
Us branches 

The s)mpaihetic fibers destined for the suppi) of the limbs (bloo 1 
vessels sweat glands and smooth muscle of the skm) soon scjiarate from 
die anterior nerve roots and enter the vertebral ganglia These fbers 
(preganglionic) arc seen issuing as slender glistening wliite strands one 
from each anterior spinal nerve root from the first thoracic to the second 
or third lumbar segment The) are called the white rami communicanies 
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(sing ramus commumcans) The fibers of which each of these strands 
IS composed enter the vertebraJ ganglion corresponding to the segment of 
the spinal cord from which they arise here synapses are usuall) made 
by at least a small portion of the fibers svith nerve cells (Fig S7 31) 
But the fibers of the white rami communicantes do not necessarily termi 
nate around the nerve cells in the ganglion that they first enter, they 
may pass up or down the ganginted cord to synapse with ganglion cells 
at a higher or lower level The axons of the cells m the ganglia (post 
ganglionic fibers) leave the ganglia as short yellowish pink filaments 
known as the gray rami communicantes, which join the spinal nerves 
The sympathetic fibers are thus distributed to the periphery with the 
ordinary motor and sensory fibers All the spinal nerves (limbs head 
and neck) receive postganglionic fibers though the anterior roots of only 
a proportion of the spinal nerves (first thoracic to second or third lum 
bar) give rise to white rami (preganglionic fibers) That is to say the 
spinal nerves above the first thoraac segment or below the third lumbar 
have gray rami (postganglionic fibers) but no white rami The sym 
pathetic fibers above or below these levels must travel up or down the 
ganghated cord to the appropriate vertebral ganglion and then pass as 
gray rami to the spinal nerves (see Plate V<?) 

The sympathetic fibers to the viscera and blood vessels of the abdo- 
men do not connect with the vertebral chain of ganglia but pass to the 
prevertebral ganglia — ccliac superior mesenteric etc The jiostganglionic 
fibers form plexuses around the brandies of the abdominal aorta from 
which the vessels and viscera receive their sympuhetic supply The fibers 
passing from the spinal cord to the prevertebral ganglia are collected on 
each side into three well-defined strands called the greater, lesser, and 
least splanchnic nerves 

Functons of the autonomic nervous system The autonomic nervous 



postganglionic fbor 


Fig 37,31 Origin and course of Ih# sy'^ 
pathetic fbers lo the I mbi 
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s>stem exerts a regulating infliience upon the functions of a great number 
of structures Its sjrapitheiic dixision through the cardiac accelerator 
nerves increases the rate of the heart through the splanchnic nerses it 
inhibits the movements of the intestinal tract maintains tlie tone of the 
arterioles of the abdomen hastens the formation of glucose from gljcogen 
by the liver and causes the liberation of adrenaline from the adrenal 
medulla Through the part of the sjanpatheiic in the neck — the cervical 
sympathetic — iminilses are convejed to the pupil (causing dilatation), 
to the salivary glands and to the blootl vessels of the head and neck. 
Sympathetic impulses cause relaxation of the wall of the urinary bladder 
but contraction of the internal sphincter of this organ Sjanpathetic fibers 
in the cutaneous nerves transmit motor impulses to the smooth muscle 
of the skin secretory impulses to the sweat glands and both constnctor 
and dilator impulses to the blooil vessels of the voluntary muscles 

Many structures such as the ins heart intestines urinary bladder 
salivairy glands and pancreas receive fibers from both divisions of the 
autonomic nervous system The actions of the two upon a given organ 
are antogonwhc and balanced one against ihe other the activity shown 
b) the organ at any moment being the resultant of the two opposing 
influences The parasympathetic fibers (vagus) to the heart for example 
are inhibitory the sympathetic excitatory On the other hand motor 
fibers (excitatory) to the wall of the intestine are derived from the jiara 
sympathetic the inhibitory fibers from the sympathetic The walls of 
the urinary bladder and intestine receive their motor innervation from 
the parasympathetic (pelvic and vagus nerves) whereas the sympathetic 
IS inhibitory The internal sphincters of the bladder and anus are inner 
vaied in a reverse manner they are excited by the sympatlietic and 
inhibited by the parasympathetic 

A summary of the actions of the parasympailietic and sympathetic 
fibers upon a number of structures is given in Table 37 1 

The sympathetic and the hormone of the adrenal medulla are 
closely similar in their actions The two acting in conjunction consti 
tiite what 1 $ referred to as the sympatho-adrcnal system and play an 
important role in the regulation of the internal environment of the body 
that IS the comjiosition and temperature of the fluids bathing the celb 
of the tissues Thus through its effect upon the blood vessels sweat 
glands and smooth muscle of the skin the sympathetic controls heat 
loss and by its action upon the blood vessels a also varies the distribu 
tion of water between the vascular system and the tissues Tlirough an 
action upon the liver either through sympathetic nerve impulses or the 
liberation of adrenaline the sugar of the blood is raised The sympatho- 
adrenal system through its various activities increases the body s cfiicicnq 
in times of stress Many manifestations of an animal when in danger or 
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when Its po^NCrs are being taxed to the utmost are those of sj-mpithctic 
stimulation for example dilated pupils rapid heart action contraction 
of the spleen and the erection of hair or the ruflling of feathers (due to 
contraction of cutaneous smooth muscle see also Ch -iO) 

The sympatho-adrenal S)stem highl} important thougli it is can 
nesertheless be dispensed with It is not essential to life nor e\en to \ell 
being provided the ammil is not cx|K)sed to some environmental hazard 
Animals from whicli the entire sjmpailietic and ilie medulla of both 
adrenals have been exciseil live in perfect health in the sheltered sur 
roundings of the laborator) Such an inimal cannot however with 
stand cold and is less well ccjuipped than a normal mimal to meet in 
emergency that demands the marshaling of its resources either to defend 
Itself or to fl) from the threatened danger 

The tronsmsson of autonomic effects by chemical substances Research 
of recent )ears has disclosed the amazing fact that many sympathetic and 
parasympathetic effects are not brought 
about directly by the none impulses 
themselves but by chemical substances 
that the impulses cause to be liberated 
from the nerve endinp Jn treating of 
the control of the heart it Ins been 
mentioned that vvlien the vagus is stim 
ulaied acelyUholine is liberated and is 
the direct cause of the inhibitory effect 
upon the heart muscle Similarly adren 
aline or an fldrciinhnefMe mbstanee 
(noradrenaline Cli 40) is protUiccil at 
the Icrminals of the cardiac accelerator 
nerves and at the endings of other 
nerves of the sympathetic nervous sjs 
tern These facts which have led to a 
revolutionary change m our ideas of 
pcriplieraj nervous action have been 
supplcmciitcvl within the last few years 
by a number of obsenations of great 
intCTCst and importance 

It lias been shown for example 
tliat acetylcholine is liberated at the 
terminals of such parasympathetic nerves as those going to the ins 
(in the oadomotor nerve) to the salivary glands (in the chorda i>m 
pani) to the stomach and intestines (m the vagus) and to the bladder 
(in the pelvic) u is liberated as well from certain sympathetic nerves for 
example those going to the sweat glands and those that cause dihtaiion 
of the vessels of the skeletal muscles 
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TABIE 37-1 
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*Uiih certain exceptions for example, those nippijin^ the sublin^il and pamlid 
glands and the sphincter pupillac, the postganglionic filicTS of the patas'mpathctic 
arise from cells situated in. or in dose proximity to. the innervated organ itself 


Acetylcholine lilscration also plays a part. tliouRh tts exact nature 
IS not altogether dear, in the transmission of nenous effects across sym- 
pathetic and parasympathetic syna|Hcs — that is, from preganglionic fibers 
to the ganglionic cell. Still more cxitaordtmry is the discos cry that 
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acetjJcholine liberation m the region of the motor-end plate is an esten 
tial esent in the contraction of skeletal muscle 

Following the suggestion of Sir Henr> Dale the English physiologist 
It IS now customary to speak of those fibers that liberate an a(^^cm!l^^ 
like substance as adrenergic and those that liberate acetylcholine as 
cholinergic (Fig 37 32) All preganglionic fibers (sympathetic or para 
sympathetic) all postganglionic parasympathetic fibers and certain post 
ganglionic sympathetic fibers (for example to stseat glands) is well as 
the fibers of \oluntary motor nerves are cholinergic The remainder ire 
adrenergic Preganglionic sympathetic fibers (cholinergic) pass directly 
to the cells of the adrenal medulla no ganglion cell being interposed 
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38 

General Description. 

The Pituitary Gland, or Body 


GENERAL DESCRIPTION 

In the section dealing with the phjsiolog) of digestion the 
general structure and actions of glands t^ere described All the ghnds 
there mentioned pour their secretions into tlie alimeniar> tract The tear 
glands the s\vcat glands etc delner iheir secretions upon the surface 
of the bo<ly All glands of this type hate outlet tubes nlled ducts along 
tv Inch the fluid that they manufacture is conducted lo the surface or into 
one of the cat ities of the body (Fig 38 J) For tins reason they are calletl 
glands of external secretion TTie glands that we are about to consider 
are peculiar in tint as their name implies they possess no ducts The 
ductless glands pour their secreiions directly into the blood stream None 
of iheir secretions passes (o the outside of the body (Fig 38 2) They 
are on this account also called the endocrine glands (Ok entio within 
+ knna, I separate) , or glands of internal secretion ' Their secretions 
are known as hormones’ From the many chemical substances in the 
blootl the cells of these glands manufacture secretions wih aery power 
ful effects They take in thcir raw materials by the front door — the artcr 
les — and turn the finishetl protluct out at ilie back door — the \ems or 
lymph \essels Thence the hormone is ramed to all parts of the body 
(Plate Vila) 

7 Jiese glands are JiitJc chemical Jahoratnne^ of minelous ingenuity 

« In this section only four cmlocrine glands arc described— the pituitary thyroid 
adrenal and paraihyroil Tlic gastroinlcsunal hortnoi es and those of the panaeas 
(ms il n) and gona Is are discussid in Chapter* 26 27 50 an 1 tD 
” llonnonc is a general name gisen to any cliemlcil siilxuance that has been f rined 
in one part of the iiodv and is earned in lie I Ixxf sircam in another organ or insoe 
ai d exatrs it to actnity 
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Fig 381 Flan of on ext«rno1 secret 
Ing gland such as the salivary 


Rg 38 2 Plan of a ductless gland 
gland of internal secretion Note 
the nch blood supply blood s nuies 
(tiled w th red cells) rtinn ng be* 
tween small groups of glond cells 
In some glands the cells ore or 
ranged >n cords es in the entenor 
piuitory glond In others the cells 
ere in smell groups or clumps ond 
in others os In the thyroid they 
ore orronged In welMefned elveel 
(fg 39 5) 


tlie ictue principles of iheir secrectons have most complev chemical 
structures Though a number of hormones hn^e been s)nthesiretl bs the 
chemist others base defied all attempts esen to discoxer their chemical 
structure It is the action of one of these secretions that paints the plum 
age of the male bird in such brilliant colors and also prompts ns song 
Others cause the grouih of bone and direct the dexelopinent of stature 
along normal lines — o\eracti\it) of this gland or underacti\it> of that 
one and a giant or a dwarf is the result Others influence xanous mental 
processes — instincts emotions and intelligence In order that mind and 
bod) shall function nomiall) all the sarious ductless glands must pour 
their secretions into the blood stream m exacllj the right amounts 
None must produce too much or too little of as xerx potent chemical 
If a docs abnomiahties in groxxth and dcxtlojiment or iii bchaxior result 
(Fig 38 5) 

Some of the cndocrines are of such a sire and prominence that ihc\ 
did not escape the notice of the ancient philosophers Their functions 
xxere ponder^ and speculated upon and man) fanciful ideas xxcrc siig 
gested to account for thcir existence The discoxcry of ilieir tme fiinc 
lions IS coraparaiixel) recent Previously the central nervous system xxais 
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Fig 36 3 Poi t ons of the vo out 
endocr ne organs. The thyroid with 
wh ch the parothyro ds ore closely 
otsocioied Is shown but not labeled 
The over es (not shown) ore s tu* 
oted In the pelv s dose to the uteruv 
The endocrine funct on of the thy- 
mus IF any Is unknown 


believed to pla) die dominant role in the conirol of bodil) fimctioni 
Its authunt) was thought to be supreme and undispiitcvl iih tlie dis 
cover) of the emlocnne ghnds an cntirel) new and quite unthought-of 
t)pe of conirol uis broiiglit to light The functions of tlicsc glinds 
though not so obvious as those of il c nervous 5)stcm ire of equal iin]K r 
lance 

The interml secretions vsith the CNception of iliosc fonned by tlie 
adrenal nictlulla and the jjosfcrjor lobe of the pmittary govern slowl) 
moving processes sudi as the growth of the skeleton the tlevclopineiu of 
the sex organs and the metabolism of footl materials — processes mens 
uretl b) hours months or years whereas the nervous system presides 
over those rapid processes of thought muscular movemeni am! cxicnial 
secretion by glands — processes measured by froclions of seconds or at 
the most minutes 


THE PITUITARY GLAND, OR BODY 

The pituiiars gland or hvpoplivsis ccrcbri is the most imi>oitanf 
endocrine glintl in the botlj for ujmn its activity the funcnons of most 
of the other entlocrine glands depend ^ei m man tins gland 1$ scarce!) 
larger than a cherry It lies at the base ol ihc brain to which h is 
attached by a short stem or stalk {Figs 38*1 38 5) 

The pituitary gland is made up of two main parts or lobes as they 



The Pituitary Gland, or Body - 535 


Pitu 


F g 38 4 Sect on of the 
bro n between the hem 
spheres to show the po 
s tion of the pitu tory 

ire usuall) called — inferior and posterior — tint though of quite different 
embryonic origins ha\e become fused together The anterior lobe has 
developed from i poucli that has grown upward from the primitne 
mouth of the embr)0 and the postenor lobe as a doungrowth from the 
base of the brain A narrou bind of tissue along the line of fusion of 
these two parts and of the same origin as the anterior lobe is known as 
the intermediate lobe 

These three parts of the pituitary base entirely different endocrine 
functions and v, ill therefore be described separately 

The anterior lobe or adenohypophys $ The immense ph)SioIogicaI 
importance of this part of the pituitary has been discovered only uilhm 
recent years Upon the hormones that it secretes the activities of most 
of the other endocrine glands — th)roid adrenals and os’anes or testes — 
depend The growth of the skeleton is also under its control It is with 
reason therefore that the anterior lobe of the pituitary has been called 
the master gland of the endocrine s)stem 

The indispensabilit) of the anterior lobe of the pituitary for many 
pliystological processes can be showai in a sinking manner by removing 




Fg 38 5 D ogrom of the p foliory 1 ifi rd 
ventrlcl* of the brain 2 anterior lobe; 
3 potledor lobe 4 Inlermed ole lobe 
(black) i cleft et I ne of fuilon of em* 
bryonic parti 
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It from an inimal anti stud>mg the effects that foJJoii If this ojjcraiion 
which IS called hypophysectomy, is pcrfonned tipon a joiing aninnl 
growth IS arrested or greatly rcnnlcd (Fig 3S G) The th)toid ghnd iml 
iJic cortex of the ithenal glands shnnL (atrophy) and fad to jinnhicc 
their Iiormoiics in sufficient amounts Tfic anitnal does not dctcloji scMinllv 
bcciusc Its sex ghiids— cnarics or 
testes — are not urged to produce tlieir 
homioncs these glands ilso atrophy 
and become imctise In a<luli am 
mats the effects ujMin the thyroid 
adrenal cortex and sex glands and 
the suppression of tlicir secretions are 
also clearly esident Rcniovnl of the 
aiiienor lobe it whitever age causes 
1 profound fall in the blood sugar 
(glucose) , and deaili may occur m 
generalitcd cons ulsions These de- 
fects can be largely corrected by in 
jections of the hormones extracted 
from the anterior lobe Seven hor 
mones or pnnoples have been ob 
Pig 33 6 Th« of hypophyiec tamed from the anterior lobe m 

temy upon the growth of o young eni nearly purc form Each hormone $0 

mol Two puppies of the some lH«»j prepared produces one effect pr^ 

the onimal on the right wot hypophy dominantly and has little or no effect 

i.nor.,ied C t.w .cel. p.e. odr ,|ni coiilil bc attribmca to an) ot 

l/coc Dc»d,J 5 , J lionnnnra 

The honnone that stimulates the growth of tlic tissues generally— 
bones and soft parts — is called the growth hormone tlie one that stimu 
lues tlie thyroid and maintains this gland in a healthy md active state 
15 called the thyrotrojiltic hormone (Cii S9) the hormone lint exerts a 
corrcsiKindiiig effect uixm the adrenal cortex is icnntd the adrcnottir 
ticoirophic hormone (abbreviated ACTll) and those (two in miuilicr} 
tint stimulate the gonads (testes or ovaries) aic rillcil gonadotrophic 
The sixth hormone stimulates the |>roduaion of milk, md i$ callcil pro- 
Inctin The actions of the gonadotrophic hormones iml of prolictui arc 
described in Chapter 19 

The anterior lobe of the pituitary gland has a profound effect upon 
rirbohvdraie metabolism As tneniioncd ibo\c the blood sugar of an 
immal deprived of its pituitary falls to a low level as if it Jud 
given 1 large dose of insulin (Cli 30) On the other hand injection of 
m exinct preparcvl from antenor lobe tissue ciuvev hyj>crglvrcimi and 
the other signs and symptoms of diabetes 1 he internal sccrctmn of the 
pincrcas — tint is uisuhn — and n hormone jiiiKhuetl by the amerior lobe 
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of the pituitary are therefore antagonistic in their actions In health tlie 
t^vo hormones, are perfectly balanced and the blood sugar is thus mam 
tamed at the nonnal Ie\el 

TJie actions of the other hormones prepared from tlie antenor lobe 
of the jiiiuiiary can also be demonsiraicd upon normal animals or upon 
those that hare been depnred of their pituitary glands Many of tlie 
defects already mentioned as following hy|x>physeclomy can be corrected 
or the effects of any particular hormone exaggerated by injecting it mio 
a normal animal just as hyperthyroidism can be produced by means of 
the thyroid hormone Thus by the injection of tlie thnotrophic hor 
mone the thyroid gland rendered inactive after hypophysectomy can be 
restored to normal appearance and function or the normal thyroid can 
be stimulated to produce an excessise amount of its secretion The 
effects of the groivtli and gonadotrophic hormones and of prolactin can 
be siiown m a similar way \oung rats oi puppies gisen daily doses of 
the growth hormone become of giant size as compared witJi untreated 
animals (Fig 38 7) 

Injections of the adrcnocorticotrophic hormone (ACTH) causes 
cortisone and other hormones to be liberated from the adrenal cortex 
(Ch 40) 

The control of piluttnry function The anterior lobe of the pituitary 
body IS not functionally indeiieudent of the central ner\ous system but 
IS under the influence of humors secreted by groups of neiae cells (nu 
clei) in the hypothalamus (Ch 37) The secretions of the thyroid and 
gonads for example are automatically controlled tlirough this neuro- 
humeral mechanism that in turn is affected by the level of these hor 
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mones in the blood Thus when the le%el of one or the other hormone 
rises abo^e or falls below the required concentration in the blood the 
secretion of the thyrotrophic or of the gonadotrophic pnnciple of the 
anterior lobe of the pituitary is reduced or increased reciprocally 

The poster or lobe or neurohypophysis The first recorded experiment 
upon the posterior lobe of the pituitar} tvas performed in Edinburgli 
about sesenty )ears ago A ratlier crude extract of the pituitary was found 
to constrict the small blood xessels throughout the body and thus to 
cause a sharp rise in blood pressure This extract was later preparetl 
commercially and sold under the name of piiuilrm Apart from its effect 
upon the circulation which is callecl its pressor action this extract has 
been found to hate three other actions in mammals It (a) stimuhtes 
the contraction of smooth muscle for example the uterus and intestine 
Its action upon the uterus is called its oxytocic action (h) exerts an 
action upon the cells lining the renal tubules increasing the reabsor|>- 
lion (that IS reducing excretion) of water and sodium and dim nishmg 
that of potassium the reduction in the exaction of water and sodium 
constitutes tlxe anfidii/rcttc elJect of the hormone and (c) rais« the 
blood sugar thus antagonizing the action of insulin To whu extent 
these different effects of piiuitrm are due to separate hormones is not 
fully known but it seems that the pressor and oxyiocic actions at least 
are caused by distinct principles 

The smooth muscle stimulating action of pituitrin accounts for its 
galaelogogue action that is for its causing a flow of milk from the nipple 
of the mammary gland This is not a true secretory effect but is simply 
the result of the contraction of smooth muscle around the follicles md 
ducts of the gland and the expression of milk already formed (Ch "lO) 

Another of the mam actions of piluiirm is not exerted upon higl cr 
animals but in many cold blootlcd animals a principle found in il c 
posterior lobe though as mentioned belosv it is actually produced by 
the intermediate lobe causes changes in skin color The skins of manv 
lower forms — for example fish frpgs toads, snakes and lizards — contain 
large numbers of irregularly shaped pigmented cells called cliromato- 
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pg 38 9 Sec! ons of a frogs sk n (bwer mogn fcot on (hon In F g 38 8) show ng 
patterns formed by p gment cells m d (ferent degrees of Hum not on A when the 
animal is In a d m I ghi B in a med urn I ghi C in a br ght I ght (Aher HegbenJ 

pbores The irregular shape of these cells is due to iheir possessing many 
branching processes The pigment is in the form of fine mobile granules 
and \aries in color uiih the species (Fig 38 8) In frogs it is dark broun 
green or black and the cells are called mclanophorcs or melanocytes 
(Gk tnelanos bhek) In the corresponding cells of some fish the pig 
mem is red or yellow they are therefore called erythrophotes or xantho 
phorcs respects ely By means of the color changes brought about by 
these cells the animals mentioned arc enabled to make their bodies less 
conspicuous m their natural surroundings and can thus more easily elude 
their enemies ^Micn the animal is m shade or upon i dark background 
the mobile pigment granules stream outwards into the branching proc 
esses which since they form a rich netuork darken the skin so that it 
blends more readily with surrounding objects (Fig S8 9) In bright light 
or when the animal is against a light background the granules gather 
near the ceptcr of the cell The cell s processes are then poorly marked 
and the skui becomes correspondingly pale 

An injection of pituitnn into a frog causes a migration outwards of 
the pigment granules Tlie animals skin becomes dark as it docs when 
m shade (Fig 38 10) This action is brought about in the Ii\ing animal 
by a hormone produced by die intcrmctliaie lobe that is probably dis 
iinct from the other pituitary hormones It is c-illed the diromatophore- 
expanding hormone, mclanocyte^limulating hormone, or intermedin 
But there must be some means of controlling the secretion of this prin 
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fig 38 1 1 Oiogrom to Fig 38 12 Effech of the 

illustrate the manner in remevol of the pituitary 

which light striking the ret upon the color of todpoles 

loo controls the discharge the pituitary removed, 

of the posterior lobe hor B o noimo] onimst 

(none of the piluitory 

aple m order tliat the $ktn shall change color in conformity t>ith the 
animals enttronmeni The controlling meclnnism is connected tvuh the 
ejes IV'hen the animal is m darkness (he hormone is secreted m small 
amounts into the blood stream, the pigment is then dispersed and fills 
the branching processes But tvhen the retina is stimulated b) light, nerte 
impulses are set up and conducted b) fine nerte twigs to the piiuitar) 
(Fig 58 IJ) These impulses suppress the output of the chromUophore 
expanding principle, and as it gradually disappears from the circulation 
the pigment granules gather near the center of the chromatophores This 
nenous hormonal mechanism can be prosed experimentally step by step 
That Uie control of this hormone of the pituitary is dependent upon 
nene impulses from the retina is shown b) temporarilj blinding the 
animal as bj scaling its e^cs with wax No change in the color of its 
skin then occurs whether it is in darkness or in bright sunshine Animals 
tliat lla^e been ii)poph)sectomued also lose the ability to alter the depth 
of the color of their skins whicli are then uniformly pale (Fig S8 12) 

Tlie well known effect of light upon the sexual cycle of birds and 
of some mammals is also dependent upon the pituitary, but the hormone 
through s\hich this action is brought about is unknown 

DISEASE OF THE PfRIlTARY IN MAN 
Acromegaly One of the mam asenues of approach to an under 
standing of the glands of internal secretion has been through a study of 
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their disorders in the human subject The first step to%Nard our present 
day conceptions of pituitary function nas made by the Frencli phjsician, 
Pierre Mane It uas he who first described a condition characterized by 
osergrowth of the bones of the fac^ hands, and feet The enlargement 
of the facial bones was seen pacticuhrlj «j the ridges abose the c)cs, 
m the nose, and in the lower jaw The latter in some cases reported by 
Mane measured 18 inches from car to ear, and the chin was some 4 indies 
deep (Figs 38 13, 38 14) Tlie soft tissues are also ihjd.encd, the com 
bination of fleshy and bony overgrowth producing extreme coarsening of 
the features The result in man) cases amounts to grotesque ugliness The 
bones of the hands and feet, especially the former show a similar over 
growth This is no moderate enlargement, for the hand of one of these 
individuals may be double the size of that of a normal person of the 
same height 

^^arle ascribed this condition to disordered function of the pituitaty 
and called it acromegaly (Gk akros, extremii) + megas tnegal, big) ‘It 
IS due to the secretion of excessive amounts of the growth hormone 

Acromegal) develops graduall), but the changes in the facial fea 
lures are very evident when a photograph of the subject taken some five 
or ten years previousl) is compared with his present appearance (Fig 
38 15) The disease if it progresses, is mvarnbl) fatal 

Giantism, or gigantism Aaomcgal) is a disease of the anterior lobe 
eff the pituitary commencing m adult hfe—ihat is after the normal 
period of growth But the anterior lobe maj produce an excessive amount 
of the growth hormone during the growing period When it docs not 
onl) do the bones of the face and extremities overgrow, but all the bones 
of the bod) are urged into an extraordinary overdevelopment In tins 
vvay are giants made Those men of tremendous stature wfio earn their 
livelihoods in circus sideshaws arc victims ol ovcnctivc pituitar) glands 
Some of these giants reach the "aliiiudc of 8 or 9 feet The) would 
knock their heads against the ceilings in the modem American house 
and would need to bend at the waist to pass through a doorway (Fig 
38 Ifi). The tallest that has been reporieil vvas a Finn, standing 9 feet 
5 inciies But a Cliiiiese giant has been described who was 8 feet 1 inch, 
and an American has been recordetl who was over 8 feet 2 inches These 
are extreme cases, hut there arc many degrees of gigantism, or giantism, 
as the condition is called A certain French baron some )ears ago sought, 
b) encouraging the iiitennamagc of giants and giantess^ of this t)pc, 
to produce a race of supermen but the experiment, for which a million 
francs were subscribed, w’as quite unsuoressful The gigantic parents 
Jnd averaged sized offspring This is a diaractcnslic of jmuitar) giantism 
The giants are usually the duJdren of iiomnl parents, and they them 
selves have normal children 

Dwarfism Deficiency of the growth hormone of the pituitary results 
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pituitary deficiency Age 21 yean Bodily proportionj, with relatively large head, ore 
tha5e of a 12 yeor>cJd boy, jexual end mental development normal The man on the 
right It of about overage height 


tn a type of dwarf popularly known as a midget Midgets are seen most 
commonly in circus sideshows Tbej are normall) projxtriioned, of slight 
build, and usually not unaiiractisc in appearance and personality (Fig 

3817) 

Another type of pituitary dwarf is due to failure of otlicr hormones 
as well as of the growth principle Tlie posterior lobe or the Iiyfiotlnla 
mus (Ch 37) may be in>ol\cd as well as the intenoi lobe Tins type 
of dwarfism is marked by extreme obesity and hek of sevual deiclop- 
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Fig 38T8^/«f/) Owarftfn obesty ond sexvallnfant I sm dve to pitu tary 
or hypothalame dtorder Age 15 yeorr Tbs type of dworfsm Is known 
as the [wen le form of dysiroph a ad posogenitol s and is ossoc oted w th 
the name of Frohl ch 

Fg 3819 frghll Extreme cose of dystroph o ad posogen lol s developed 
in o woman reaching odvlt age (From o phatogmphJ 

ment Fai metabolism and carboh)dnite metabolism are both disturbed, 
Ju\eniles with this t)pe of duarfism often ha\e ^oraCIOlls appetites and 
show an inordinate longing for sweets of all kinds winch of course add 
to iheir obesity Not infrequenil) there are also excessive thirst and 
increased unne volume (which points to deficiency of the antidiuretic 
pnnciple of the postenor lobe) Such children as a rule are below par 
raentallj progress slowl) at school and show an unchildhke lethargy 
The) are ready to sleep at an) time A subject of this l)pe of pituitary 
disorder is shown m Figure 38 18 Great obesity without dvv’arfism may 
result from a similar disorder in adults The fat v\oman of the arcus is 
in most cases an example of this condition (Fig 38 19) 
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D abefes Ins p dus Disease or injury of the postenor lobe of the 
pituitary or of the hypothalamus (Ch 37) may preient the production 
of the antidiuretic hormone The reibsorption of s\ater from the tubules 
of the kidney (Ch 32) is then greatly reduced iMth the result that the 
solume of the urine is increased many fold This disease is called <iiobe(es 
insipidus 

Cush ng s d sease Excessive stimulation of the adrenal cortex by 
overproduction of the adrenocorticotropliic hormone as fay a pituitary 
tumor may cause Cushings disease (Ch 40) 
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The Thyroid Gland 


A gland withuhich e\er}one to some extent t$ familiar is 
the th)TOid ^\hich lies beneath the muscles of the neck and embraces 
the sides of the lar)-nx and upper part of the trachea (Fig 39 1) ^Vhe^ 
greatly enlarged U constitutes the condition kno\ n ai goiter 

The thyroid gland consists of tt o lateral masses called lobes and a 
bar or isthmus that connects the Ios\er poles of the lobes across the 
mid line 

The mnufe structure of thyrod tstwe Vict ed under the miaoscope. 
thyroid tissue appears as a mass of round or o\'a] acini (Fig 39^) 
These aani or follicles arc lined by a single layer of cuboidal eplth^ 
hum and contain a structurefess materia! called colloid The colloid is 
the thyroid hormone in storage form and is made up of a protein tailed 
thyToglobuhn combined iMih the essentia] pnnaple thyroxine 'Wien 
required the hormone is taken up by the ceils lining the aani and 
passed into the blood stream. 
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Thyroxine, the ihjroul hormone m pure crystalline form, is an 
ammo acid containing iodine It is formed by the thyroid gland from 
the ammo acid, tyrosine by the addition of iodine, thyroid tissue has an 
ability above that of all other tissues of extracting iodine from the blood 
It contains more iodine than the rest of the entire body though it is only 
a very small fraction of the body weight Thyroxine has been synthesized 
in the chemical laboratory The essential action of the thyroid hormone 
IS to increase the rate of oxidation in the tissues — that is, to increase the 
metabolic rate — to fan, as it were the fires” in the cells 


The regulation of thyroid secretion The growth and activity of the 
thyroid gland is under control of the anterior lobe of the pituitary body 
Nerves apparently have no direct effect upon the output of the ihyToid 
hormone The pituitary exerts its tnffuence upon the thyroid by dis 
diarging a hormone (thyrotrophic hormone, Ch 38) into the blood 
stream that acts directly upon the thyroid cells But the output of the 
pituitary hormone is regulated in turn by the concentration in tlie blood 
of the thyroid hormone The output of the latter m health is therefore 
largely self regulated Thai is to say if the blood concentration of thy 
roxine falls, the pituitary discharges more of its thyrotrophic hormone, 


and die thyroid responds by producing 
more of its hormone When, on the other 
hand, the concentration of thyroxine is 
raised to a certain sailue Ute disdiarge of 
the thyrotrophic hormone is suppressed 
The discharge of the thyrotrophic hor 
mone, however, is influenced by the nerv 
ous system (through the hypothalamus) 
In (his way the activity of the thyroid mav 
be affected indirectly by impulses initiated 
in nervous centers 

Hypothyroidism Cretinism and myxedema 
In Switzerland, in the valleys of the Alps, 
there was commonly to be seen, until recent 
times, a type ol dwarl Vnown as a cretm 
(Figs 39 2. 39 3A) A cretin is the direct 
result of the absence or the extreme de- 
ficiency of the thyroid hormone m infancy 
or childhood These individuals are truly 
the most pitiable and grotesque parodies 



Rg 37 2 A typ cat aehn Age 
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on mankind 


Cretins have a characteristic api>eanince that usually cannot be 


mistaken Their growth is retarded or arrested at an early age Their 
bodies are squat and flabby Xlicy are mentally defective and often 
imbecile, many arc deaf mutes Their low intelligence is usually quiie 
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evident from their faaal expression Their features are coarse and ugly 
often goblin or gargoylelile The forehead is low the bndge of the nose 
depressed (saddle shaped), the lips large and loose and the longue 
which appears larger than normal protrudes from the partly open 
mouth The sVan of the face and of the body generally is thick pale and 
pasty The hair is dry coarse and sparse Cretins are sexually undevel 
oped Their basal metabolism is much below the normal value The 
word creiin is a corruption of die French word chretien meaning Chris- 
tian and was originally used in speaking of these unfortunates much 
in the same sense as the English words innocent and simple are applied 
to the feeble minded 

Though cretins were more common m Switzerland than in other 
parts of Europe they were by no means confined to that country Cre- 
tinism was at one time not uncommon in England especially in Derby 
shire It was seen occasionally on this continent notably in districts 
bordering on the Great Lakes But it was in the \alleys of the Alps of 
the Pyrenees m the Tyrol and m the Himalayas that it was seen most 
frequently 

It was not until the thyroid gland was remo\ed from young animals 
that the cause of cretinism was resealed Sir Victor Horsley a London 
surgeon performed tins operation upon young monkeys and showed 
that the symptoms that followed the operation were practically identical 
with those of human cretinism Rcmosal of the gland from other young 



Fg 39 3 Cret n jm show ng the effect of Ihyro d Ifcofmenl 
left age SVi yean before the commencement of treatment 
Rght age 3 yean 11 months after 3 months of treofmeni 
(from Sefye s Endocr nology ofier McCuWogfi ) 
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Fig 39 4 Three kds (triplets) of o horned eoot The middle one wheh ori{i nelly w« 
tmoller then the one on the r ghf ond obowt the some sixe es the one on the (eft was 
kept SI o control the other two were ihyroideetorn xed (from Suther/end Simpson ) 

antmaU causes arresieil {growth (Fig S9 1) Through this work the re- 
sponsibility for cretinism was ttermuely fastened upon the th)roid 

Se\eral questions had suit to be answered Wh> is cretinism common 
tn certain regions and sirtually unknotvn in others’ \Vh) docs tlie ghnd 
fail to perform its normal function’ The usual answer guen to these 
questions was that the drinking SNaicr sms at fault E\cn during tlic first 
two decades of the twentieth centur> auihoriiies nccepted las exphna 
tion The specific thing tint was supiiosed to depress tlqroid function 
was unknown ilimigh some thought it xvas an excess of calcium (hme), 
Olliers tint it was a microorganism 

Without going further into detail it ma) be said that the question 
has at, last been Mttled U \s wat dun to sometUuxg «\ tlie vsatet that 
should not be there such as lime or germs but to tlic absence of iodine 
from water and foot! For tins knmvleilge x\e ire indebted to in Amcncan 
scientist Dr David Mirmc, who showetl some SO )ear5 ago that ihjroul 
distise (goiter )in brook trout could be aired b) the nddmon of very 
snnll amounts of iodine to ibc wiicr in which they lived He also 
showed that tlqroid enlirgemcni in children could be prevenicd b) 
small doses of iodine 

This explains why cretins are rarely, if ever, seen on ihe scacoast 
The sea is an mexlnustible storehouse for iodine which finds its v\av 
into the food and the drinking water of the inlnbitants along the coast 
It is prartinll) ilwavs in inhnd lemioncs that thvToid deficicnc) is 
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seen— panicularl) m the mountains and on the JnpJj J-jntl since iliej as 
a rule are farther remosed from the iodine suppi es of the sea Exami 
nation of the sods of goitrous districts has shosMi that the) are i>oor in 
iodine 

The thyroid must base iodine in order to manufnciure its secretion 
Without this element it is unable to produce lU honnone in sufBaent 
amounts The gland becomes enlar{,c 1 but the enlargement is made up 
to a large extent of worthless tissue ns follicles filled with a secretion of 
sery lou poiencj The essential glandular tissue has degenerated and 
though the gland is of greiier size it is a fraud being made up largel) of 
fibrous tissue and large irregular spaces instead of the small and regu 
larly shaped follicles (Fig 39 5) The tissue of such a gland has a \ery 
low content of iodine 

Cretinism is seen much less commonly toda) and ulien it does occur 
It IS rarely the result of goner it is usual!) seen in babies and is then 
due to defectne de\elopment of the th)roid gland before and after birth 
There are u o reasons why the cretin is noiv a rant) In the first place 
the lendenq to goiter m those pans of the uorld where it used to be 
p^e^‘alent has been greail) reduced by supplying iodine to the popula 
tion especially to growing children On this comment as s ell as eb^ 
where it has become the custom to add minute amounts of lod ne to 
table salt The second reason why cretinism is now seen infrequently is 
that thyroid deficienq can be easily and quickly corrected by treatment 
with the thyroid hormone obtained from the glands of sheep In 1891 
Dr George Murray an English physiaan first treated persons suSering 
from thyroid defiaency with injections of a glycerine extraa of sheeps 
thyroid tissue Of all the discoienes m the f eld of medicine this proied 
one of the most brilliant Soon it was shown to be unnecessary to gi'e 
the treatment by injection Today sheeps glands are dried and poi dered 
compressed into tablets and taken by mouth If thyroid deficiency is 
recognized at an early age all the defects that fiai-e been described as 
characteristic of cretinism can be corrected Growth and deielopment— 
bodily mental and sexual — proceed m normal fashion and if the treat 
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ment is maintained as it should be to the end of life, no signs of thjTOid 
deficienc) recur (Fig 39 3B) 

Should the thjroid, as a result of disease fail in its function after 
adult life has been readied — lint is, after growth has ceased and mental 
and sexual deselopment has attained matuniy — a state deselops that in 
Its essentials is strictly companble to cretinism The effects upon growth 
and development winch arc so i>rominent in the cretin, are, of course, 
absent But the mental processes and sexual functions are depressed The 
basal metabolism is below no/ma). the skin dry, thick and puffy, and 
the hair sparse dry and brittle This condition is called myxedema 
It IS promptly relievetl by thyroid hormone in the form of tablets of 
dried thyroid tissue or by thyroxine, the 
diemically pure thyroid hormone 

Hyperthyroid sm Thyrotoxicoi $ Like 
most of the other endocrine glands the 
thyroid may secrete an excess of its power 
ful hormone. In some instances the cxces 
sue secretion is due to a tumor of the gland 
composed of actively functioning thyroid 
tissue. In other instances there is no definite 
tumor, but the entire gland is stimulated 
to increase its hormone production The 
gland becomes considerably enlarged M’hai 
stimulates the thyroid in tins way is not 
known with certainty, but it is \ery likely 
that the stimulant action is brought about 
through the ihyrotrophic hormone pro 
duced by the pituitary gland (Ch 38) 

When a normal animal is treated con 
tinuously with fairl) laige doses of the 
thyroid hormone characteristic effects make 
iheir appearance within a few days The 
same effects would follow if a nonnal penon were given corresponding 
doses The heart rate increases, Uic metabolism is raised and there may 
be trembling of the limbs and extreme nervousness These effects of over 
dosage with the thyroid hormone arc precisely the symptoms from which 
a patient suffers when his thyroid gland becomes overactive But in 
addition the eyes of patients suffering from hyperthyroidism m many 
instances bulge prominently (cxophtlialmos) and cause a staring or 
alarmed expression The disease for tlus reason, is called exophthalmic 
goder {Fig 39 0) * 

* ExophihaJnnw. it oiigh frequently anoc»l«! with h)7>enhytoMnni if not the 
result of an excess of tlie thyrout hoiHKme which is the cause of the olher iyniptotns 
of ttie disease The cause of itie opbrhafinic aiRns w iwi known for errtatn but Is 
belicvTtl lo be increasetl scercuon of the thfrotrophte hormone of Uie pituitary 



fig 39 6 Hyperlhyrold snij ex 
ophlhotmte go ter with moder 
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^Vahin recent >ears a number of drugs (thiourea, thiouraal, etc) 
ha\e been disco\ered that depress the production of the thyroid hor 
mone and are of great \alue in the treatment of hyperthyroidism. A 
radioactne isotope of iodine is also employed for the same puqiose (Ch 
1) , for It has been mentionetl that the tliyroid gland has the peculiar 
property of concentrating lodme Tliese drugs have to a large extent 
replaced surgical operation in the treatment of thyrotoxicosis * 

Thyroid experiments upon lower animals The thyroid hormone has 
a remarkable effect upon the development (metamorphosis) of frog 
larvae — ordinanly known as tadpoles kVhen a number of these creatures 
that have just recently been hatched are divided into two groups and 
one group fed upon thyroid tissue, or thyroid extract is added to the 
water in which they live, they develop into frogs much more rapidiy 
than the other group The members of the latter group which are not 
given treatment of any kind, develop in the usual way and in the usual 
time and therefore serve as controls~that is, as normal standards for 
comparison (Fig 39 7) 

If the thyroid glands are removed from the members of one group 
of tadpoles ami they are thus deprived of thyroid hormone, they do not 
metamorphose, whereas the members of a control group develop into 
frogs in the usual time (Fig 39 8) If, however, thyroid tissue is fed to 
the thyroidless larvae, metamorphosis proceeds in a normal fashion and 
at the usual rate 

Thyroid function has been put to the test on another close rehii'C 
of the frog family In Mexican waters there lives a strange cicaiure known 





Fig 29 7 The effeef of thyroid m 
tract upon the development of fod 
poles The three on mols ofS of the 
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troct the one to the center hos no* 
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* It might be thought that iodine stdininistration wuld aggravate the thyroioxicw 
since the element is an essential constituent of the thyTuxinc molecule, that the 
verse is true is a fact that has not bccu satisLtaorsly explained. 
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as the axolotl The axolotl is a son of haHway house along the esolu 
(lonary path between the hsh and the frog It looks like a huge tadpole — 
for Jt IS several indies long-— that had started out to be a frc^ but re 
tnained a grotesque looking object 
loth gills a iiiined tail astjuarebead 
and short fore and hind limbs Tins 
IS the usual adult form of these crca 
tures they breed in this fomi most 
of them ne\er detdoping into land 
animals and a fe\s oilters doing so 
\eq serj slowly If in ixolotl is 
fetl upon beef thyroid even one or 
two meals it develops into t land 
animal It loses its gills and tad and 
clevelojis nir breathing oigans The 
head becomes oval and the e>es prom 
inent It comes out of the water and 
lives on hnd (Fig 39 9) 

Here is an instance in whidi an 
aniitnl — forsaken as »t were at x 
certain vvajside station in the evolu 
nonary joumc) — Ins been brought a 
step further b) an internal secretion These facts make one wonder just 
how important a pan the ductless glands have pH)cd m the evolutionary 
process 



Fig 39 9 Axolotli A hat not been 
tr«oted B hat recelv»d thyro d extroet 
Note the d sappearonee of the g Ht and 
the fin from the to I 
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Summary of thyroid function From the results of the many expen 
menis upon animals and the innumerable obser\ations on man \\e are 
left with no doubt concerning the imjx>rtant functions of the th)roiil 
gland It absorbs iodine and other materials from the blood producing 
from them a hormone that controls the grouth and deselopment of the 
body and stimulates oxidations in all the tissue cells In excess the hor 
mone raises the metabolism abose the normal lese) if secreted jn Jess 
than normal amounts heat production is depressed. 
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The Adrenal and 
Parathyroid Glands 


THE ADRENAL GLANDS 

The idrcnal (or suprarcmj) ghniU are tuo bodies shaped 
something’ hhe cocked hats and in niin are about the size of (he iast 
joint of the little finger TiiC) are placed one on eacli side of the spinal 
column just above the kidnejs (Pig 401) ^^hcn in adrenal gland is 
cut through the center it is found to be composed of two parts — a central 
dark area and an outer nm of lighter colored material The central pan 
IS called the medulla The outer nm vvluch reminds one of a skin or 
rind IS called the cortex The duties of these two parts are entirel) 
dilTerent 

The adrenal cortex This part of (he adrenal gland is absolutely 
essential (o life An animal hies for only two or three weeks after both 
adrenal cortices have been removed Among the chief functions of the 
cortex are (he regulation of (he water content of the body, and the 
excretion of sodium and potassium It is also concerned in the metabo 
lism of sugar ^Vhen it fails in its functions as it occasionally does in 
man the volume of the blood and other body nuids becomes rcducctl 
and the excretion of sodium dtloride in the urine is mcreasecL As a 
consequence of the latter clTeci the sodium chloride of the blood and 
tissues falls to a dangerously low level The exaction of potassium on 
(he ocher hand is reducal and its concenimtion in the blood rises TJie 
sugar of the blood is dimmishctl and us concentration may reach the 
level at which convailsionsocair (Ch 30) 

Only within recent years has it b«n known that these important 
changes in ilie blood resulted from defective function of the adrenal 
cortex but the general symptoms of the disease which consist mainly of 

55j 
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Fig 40 I Show ng teloi on of >)>« 
odrenol glond to the kidney Lower 
figure is o cross sect on of the glond 
sem d ogrammaf e Note the eoncen- 
Ire zones in the cortex From wilH- 
out inwards they are named jofto 
g/a/Tteru/oro zona hscieuhfa and 
zone ret cvfsru. 


extreme weakness low blood pressure anemia and a peailiar brown 
pigmentation of the skin were described about 100 )ears ago by Thomas 
Addison a phjsician of Gu) s Hospital London England. Failure of 
the adrenal cortex (adrenal msulBaency) is therefore frequently re 
/erred to as Addison s disease An extract of the adrenal cortex iseffectne 
in Its treatment A diet with a high content of sodium but low in potas- 
sium IS also of great beneRt 

Active principles of the adrenal cortex The adrenal cortex is com 
posed of lipid material from winch sescral crystalline steroid pnncipte 
(Table 40 1) hate been isolated Each of these exerts certain character 
istic physiological effects The conical principles (sometimes called corn 
coids) are closely related diemically to dioleslerol the bile salts and 
the sex hormones (Ch 49) they arc behesed to be {onned in the body 
from cholesterol At least scsen physiologically acute crystalime pnn 
aples hate been isolated from the adrenal cortex or synthesired m the 
laboratory They are tcry mucli alike in their general chemical structure 
but differ both in kind and degree in their actions Their names and 
principal actions areguen in the following table 

These compounds especially 1 1-dcoxycoriicosterone and 17 hydroxy 
11-dehydrocorticostcrone correct the defects caused by cortical defiaency 
(Addison s disease) The hst mentioned compound wfudi is known most 
commonly today as cortisone Ins been found to exert a remarkably 
beneficial effect in acute rheumatism and rheumnoiil nrihriiis It has also 
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TABLE 40 ] 


Nome 

Principal eef ons 

Corticosterone 

On cofbohydrote, protein, end (at metabolism 
onfagonaes the action of tnsulln 

1 1 DeoxYCorticoslerone | 

On water and minerol metabolism increases 
the reienlion of sodium and the excretion of 
pofoitivm by the kidney 

Aldosterone 

Samilar in action to deoxycorticosterone on 
sodium retention, but from 30 to 100 times 
more power/oJ m /hit mpect 

1 l-Dehydrocorticosteron^ 

, On corbohydrote metabolism 

17 Hydrtjxycorlicosteron* 

1 On corbohydrote melobolism; on connective 

(eorUiOfte) 

^ truuei ontirheumotic 

17 Hydroxy 11-dehydro«ortiCosterone 

: On corbohydrote metobohsm, on connective 

(cortisone) 

tissues ontirheumotic 

J 1-Deoxy 77 hydroxYeanieoftenMe j 

' On connective tisivesi ontirhevntoUe 


been used in Uie treatn^ent of a number of other discises insohing the 
connective tissues, but with less satisfactory results 

Both male and female sex hormones are contained m the adrenal 
cortex One o£ those possessing male hormoitc action is called adrenos* 
teronc, or sometimes andrenosterone. 

As in the case of the other endoennes, excessiie secretion of the 
cortical principles also ocairs. and is the cause of a disorder knotvn as 
Cushing's disease (Fig ^0 2), in irhidi there are overgroiviji of hair over 
the general body surface and an increase m the fatty tissue of the face 
and trunk, but not of the limbs The face is puffed out' with fat, giving 
the appearance known as “moon hce' Another abnormaluy caused pre- 
sumably by hyperfunction of the adrenal cortex — the excessive jirovluc 
tion of adrenal sex hormones — is marked by precocious sexual develop 
ment in young children, or when occurring in women bj the growth of 
hair on the face and the appearance of other signs of masculiniiation 
These conditions may arise from an adrenal tumor, or as a result of over 
siimulaiion of the adrenal cortex by the anterior lobe of the piiuittry 
bod) (adrenocorticotrophic hormone) 

ITte odfenat meduffo The medulla of the adrenal gland secretes into 
the blood stream a hormone most commonly known as adremhne, 
though It also goes by the mmc of epinephrine, or adrenin It produces 
another honnone, called noradrenaline or norepinephrine, which is 
closcl) allied chemicall) to adremhne, its effects are \cr) similar to. but 
not identicil with, those of adrenaline 

The actions of adrenaline when injected into the bod) closcl) re- 
semble those caused b) stimulation of the s)mpathetic nervous s)stem 
This hormone incrciscs the rate and force of tlic heart beat and con 






Fig 40 2 Cush ng s d sease m a 4^arold th Id due to a tumor of the 
adrenal cortex Above before operoton Sefovr 1 7, and 14 months after 
operol on respectively fFrom Grobe ) 
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F g 40J2 Cush ng s d sease m a A year-old cK Id due fo a tumor of the 
odrenal cortex Above before operolon Below 1 7, and 14 months after 
operat on respectively (from Grobe I 
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stricts the blood \ebsels (excejn those oE the coronar) sjstcm and the 
muscles which are dilated) , thus the blood jiressure is raised It inhibits 
the movements of the intestines, dilntes the bronchioles, stimulaccs the 
smooth muscle in the sUn, widens the pupil, and increases the conccn 
tntion of sugar m the blood All of these effects can be duplicated by 
stimulating sympathetic ner\es The function of the secretion of the 
adrenal medulla in the living animal appears to be defensise or proiec 
ti\e in character It reinforces the action of the sympathetic neiaous 
system in states of emergency or bodily stress, so tliat the animal is more 
capable of defending itself against its enemies or of adjusting itself to 
changes in the environment Thus, the increase m the blood sugar pro 
vides an adequate supply of fuel for the contracting muscles The muscles 
also fatigue less readily undei the influence of adrenaline, and the blood 
clots more quicl^Iy The latter effect is important m that it lessens the 
dangers of hemorrhage should tlie animal suffer a stound tvhen defending 
Itself or attacking us prey The dilation of the bronchioles enables a 
greater solume of air to be breathed, and consequently permits the 
greater quantity of blood flowing through the lungs during the evertion 
required for fight or fligUi to be oxygenated to the greatest possible 
degree The salue of the effects upon the circulation — namely, the in 
creased action of the heart, the rise in blood pressure, and the dilatation 
of the coronary \essels — is obiious Ruffling of the feathers in birds and 
the bristling of the hairs in fur bearing mammals are bronglu about by 
the contraction of smooth muscle in the skin These are in many instances 
defense reactions As mentioned abose, the contraction of the skin mus 
cles IS stimulated by adrenaline In some cold blooded animals the 
hormone of the adrenal medulla has an action opposed to that of the 
cliromatopliorc expanding hormone of the piimtary (Ch 38) It causes 


Fig 40 3 Showing the effect of on 
extract of the adrenal medvlla 
upon the Am color of the horned 
toad left a normal an mot K ghf, 
an onimot in|ected with adrenaline 
note the pallor During excitement 
theie an mob become pole at a 
result apporenlly of the passage 
of adrenal secretion into the blood 
streom 
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ssiiirtd. an3 ih^ ^ tie ■v.-z^ sn 'tiidi most of the information regarding 
ih=3 ias iera ftm-d Tlier* nco doubt hosveser that their actions are 
rcrv <3osch rcl^icJ o ra* 2 '^ Jicr and that it is purel) artificial to study 
ihsnvrssrz dx 

Uc should loot upon the secretions of the ductless glands as form 
ing. taih the other constituents of the blood a suitable environment — 
an appiopnaie fluid medium — to bathe the cells of the tissues ^\hen all 
these secretions are present in their correct proportions the cells arc 
healths and the) flourish and grow nonnaU) On the other hand when 
one secretion in this niceh balanced mixture is present m reduced or 
excessire proportion the environment becomes unsuitable and the cells 
suffer Their speaal functions can no lon^ be carried out In order 
that there maj be ph}siologicai harmony each gland must play its part 
in tune with its fellous 

The constancy (steady state) in the composition of the blood and 
other bod) fluids as mainiametl by the various physiological processes 
including the activities of the endocrine glands was given the term 
homeostasis by the late Professor U B Cannon of Harvard The fluids 
themselves that constitute the internal environment of the body (since 
they bathe the cells of the tissues) v ere called the fluid matrix and by 
Claude Bernard (he great FreneJt physiologist of the nineteenth century 
tlie miUeu interne 
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when mjecteil into the bod> raises the calcium of the blood to normal 
and thus quickl) cures tetany It has been named parathormone W hen 
injected into a normal animal the calcium of the blood is raised svell 
abose the normal lesel From this and other facts it Ins been concluded 
that the parathyroid glands maimracture a hormone that alters the quan 
tuy of calaum in the body The greater amount of calcium found in the 
blood after the injection of parathormone 
esidently comes from the bones svhtch are 
largely composeil of phosphate and carbon 
ate of lime After prolonged treatment of 
an animal with the exiraa the bones be 
come less hard and dense showing that the 
minerals hate been withdrawn from the 
skeleton Just as in the case of other endo- 
cnnes defecine function of the parathyroid 
glands sometimes though \ery rarely occurs 
spontaneously that is from some unknown 
cause The low blood calcium that faults 
leads to tetany In other conditions asso 
ciated with a lov. blood calcium especially 
rickets tetany also occurs But there is no 
reason to behete that the low blood calaum 
in such conditions is caused by any deficiency 
of the parathyroid function (Fig 404) 

Hyperparathyre d $m In man oseractiv 
tty of the parathyroid glands sometimes 
occurs usually as a result of the de\elop 
ment of a tumor of parailiyroid tissue witlim 
the gland The parathyroid hormone is then 
discharged into the blood stream m e\ces ^04 Tetany dve to hyp<>- 

sise amounts and causes >ery serious effects paroihyro d sm Note the posi 
The calcium in the blood rises for as has 
just been said the liormonedissohes calcium ^'orpopedof 
i , , L r . CoJf nt W H omr ) 

from the bones These become softer ami 

less rigid and are therefore likely to 6c bent rnto unusttal shapes Citt 
lies also deselop svithin the bones where large quantities of mineral Inse 
been remosed and stones form in the kidneys as a result of the excretion 
of the excess calcium extractet! from the skeleton 

INTERACTION OF THE DUCTLESS GLANDS 
The endocrine glands ha\c been dcscribctl and dealt with as though 
they were quite independent one of the other Tins method of treating 
tliem IS unatoidable because this is the way in which they ha\e been 




560 - Endocrine, or Ductless, Glands 

ihe pigment granules of the chiomatophoTes to gather near the cell 
centers, thus causing pallor of the skin (Fig 40 3) 


THE PARATHYROID GUNDS 

The parathvroid glands are four Inile bodies about the size of peas, 
l)ing two on each side behind or within the thjroul Though so small 
the) are nevertheless essential to health and, indeed, to life itself Their 
name suggests a relationship with the ih)roid but the relationship ts 
pure!) anatomical So far as their functions go, they have nothing what 
ever m common with the th)roid A close anatomical relationship be 
tween two ductless glands having enttrel) different functions is not 
unusual vie have already seen other examples of this — the anterior and 
posterior lobes of die pituitary and the medulla and cortex of the 
adrenal gland 

The story of the parath)TOtds goes back to the end of the nineteenth 
century when they were first discovered and described more as curiosities 
than an)thing else Their important functions were dicn not even 
guessed Their very existence was forgotten soon after their discovery 
It was not until two surgeons in Switzerland, famous for their skill in 
removing goiters reported that occasionally a patient upon whom they 
had operated developed convulsions that attention was again directed 
toward these glands With a view to discovering their functions, a French 
physiologist about this time cameil out expenmenis upon animals ^\'hen 
he removed the parathyroid from rabbits, Uie animals went into violent 
convulsions and died It was immediiiely realized that the cause of the 
convulsions in the surgeons patients had been the unwitting removal 
of the parvthyTOids along vsiih tho vhyvovd The utmost care vs tiovir 
exercised to avoid interfering with these tmy glands when the thyroid 
is removeil by operation 

Hypoparathyroidism Tetany Tetany' is the name given to the type 
of convulsion that follows removal of or injury to, the parath)roid 
glands In human beings the hands and feet are drawn into characteristic 
attitudes that arc readily recognized In animals the jaws are tightly 
c}3n}ped togeOier and ali the muscles al the body become rigid or shoir 
spasmodic contractions death always occurs if all parathyroid tissue has 
been exased and the condition is not treated 

The calcium (lime) of the blood falls to a low level after the removal 
of the parathyroids and it is quite evident that the low calcium is the 
cause of the convulsions If cafaum ts injected so that its concentration 
in the blood is raised to the normal level tetany is relieved In 1925 an 
extract of the parathvroid glands was preparetl by Dr J B Collip This, 

> Thu should not be confused with teianiu or “locljan " an cnilrely dilTereni disease 
that u due to ihe tetanus baallus 
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when injected into the body raises the calcium of the bJood to normal 
and thus quickl) cures letan) It has been named paratliorTnonc "When 
injected into a normal animal the calcium of the blood is raised nell 
abo\e the normal le^el From this and other facts it has been concluded 
that the parathyroid glands manufacture a liormone that alters the quan 
lit) of calcium in the bod) The greater amount of calcium found in the 
blood after the injection of parathormone 
exidently comes from the bones which are 
largely composed of phosphate and carbon 
ate of lime After prolonged treatment of 
an animal rvith the extract the bones be 
come less hard and dense showing that the 
minerals hase been withdrawn from the 
skeleton Just as m the case of other endo- 
crines defectne function of the parathyToid 
glands sometimes though \ery rarel) occurs 
spontaneously that is from some unknown 
cause The low blood calcium that results 
leads to tetany In other conditions asso- 
ciated with a low blood calcium espeaally 
nckets tetany also occurs But there is no 
reason to beliese that the low blood calaum 
in such conditions is caused by any defiaency 
of the parathyroid function (Fig 404) 

Hypefpafothyroid sm In man overacttv 
ity of the parathyroid glands sometimes 
occurs usually as a result of the develop 
mcni of a tumor of parathyroid tissue within 
the gland The parathyroid hormone is then 
discharged into the blood stream in exces Fg 40 4 Tetany due to hypo 
sive amounts and causes very serious effects parothyioid »m Noie ihe poiI 
The calcium m the blood rises for ns has 
just been said the hormone dissolves calcium fcarpopedat 
from the bones These become softer md 

less rigid and are therefore likely to be bent into unusual shapes Cavi 
ties also dev'clop vsithin the bones where laige quantities of mineral hive 
been removed and stones form m the kidneys as a result of the excretion 
of the excess calaum extracted from the skeleton 

INTERACTION OF THE DUCTLESS GLANDS 
The endocrine glands hive been descnbevl and dealt with as though 
they were quite independent one of the other This method of treating 
them IS umvoidable because this is the way in vshich they have been 
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studied and this is the m i^bicli most of the information regarding 
them has been gained There is no doubt howcter that their actions are 
\ery closel) related to one another and that it is purely artifiaal to stud) 
them separaiel) 

We should look upon the secretions of the ductless glands as form 
ing sviili the other constituents of ihe blood a suitable ensironment — 
an appropriate fluid medium — to bathe the cells of the tissues When all 
these seaetions are present in their correct proportions the cells are 
healthy and they flourish and grow normally On the other hand nhen 
one secretion in this nicely balanced mixture is present m reduced or 
excessise proportion the ensironment becomes unsuitable and the cells 
suffer Their special functions can no longer be carrietl out In order 
that there may be physiological harmony each gland must play its part 
in tunemth ns lellosss 

The constancy (steady state) in the composition of the blood and 
other body fluids as maintained by the mnous physiological processes 
including the aciisities of the cndocnne glands was given the term 
homeostasis by the late Professor A\ B Cannon of Harvard The fluids 
themselves that constitute the internal environment of the body (since 
they bathe the cells of the tissues) were called the /luicf matrix and by 
Claude Bernard the great French phvsiologist of the nineteenth century 
the tni/teu interne 
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The Physiology of 
Vision 


41 


GENERAL DESCRIPTION OF THE ORGAN OF SIGHT 

Tlie ejes have <le\clopeU frora hollow outgromhs of the 
fore part of the brain The adult human c)t is almost spherical m shape 
nncl about I indi m diameter (Fig 41 1) A clear circular tvindot' about 
y>t inch across and situated on its front (anienor) u-all, and called the 
cornea permits rays of light to pass into the interior of the eye and fall 
upon the retma The retina is the sensitne tissue that lines most of its 
inner aspect A compact, cylindrical bundle of nerve fibers— the optic 
nerve — issues from the postenor pole of the eyeball and tames nerve 
impulses to the brain Upon arriving at their destination these impulses 
give nse to the sensation we know as sight or vision In the protection of 
such a valuable organ as the eye nature has taken every possible pre- 
caution The eye except for a small part of its arcuraference in front 
IS enclosed in a bony case — the eye socket or orbital canty It is sepa 
rated however, from the unyielding bone by a thick layer of loose fat 
upon which it is cushioned so that a force striking the delicately strut 
lured globe is less likely to damage it The eyelids as we know are able 
at an instants warning to close over the front part of the eye and protect 
it when injury threatens (Plate Vb) 

Small muscles stretch between the wall of the bony cavity and van 
ous points in the circumference of the globe and by their contractions 
pull upon one or the other side of the eye to roll n about in its bed 
Tlie eyelids are lined by a delicate membrane called the conjunctiva 
At the upper limit of the upper eyelid and at the lower limit of the lower 
lid the membrane becomes fold^ ova- to pass from the inner surfaces 
of the lids on to die front of die eyeball whicli it completely covers. 
a64 
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STRUCTURE OF THE WALL OF THE EYE 
The unll of the eje is composed of three lajers or coats — an outer 
a. middle and an inner (Fig 41 1) 

The outer layer or sclerotic coat Tlie outer la)er is made of a tough 
and dense fibrous material which preserses the form of tlie globe and 
protects the more delicate struciures wrilmi Pan of this coat ma) be seen 
in the front of one s ossn eye where it forms s\hat we hnosv as the white 
of the eye In front and in the aery center of the sclerotic coat is a 
Circular window called the cornea But this window of the e)e though 
apparent!) as dear as glass is 
not as homogeneous for under 
the microscope it can be seen 
to be made up of scseral rows 
of flat cells laid one on top of 
the Ollier and cemented in' 
geiher Should the surface of 
the cornea be cut or senotisl) 
injured m any wa) a scar will 
form whicli if large and in the 
line of sight will cause blind 
ness m the affectetl eje 

The m ddle loyer cr chore d 
coat The cliorotd coal carries 
the greatest number of blood 
\esseU v.ulx wlwcU the eye \% 
supplied It shows a fine net 
work of small arteries and seins 
(Fig 41 3) Its wease of \es 
sels like a dark retl carpet 
compleiel) slieatlics the eyeball 
Fg 41 3 Th. „,b=ll . ,h port pf .3. 'lo"' "''ei' 3 snnil 

coot cot o»oy to .how ih, cho o d ood i, oei ptmcliecl-otit hole i. sttn The 
wok of veos round opening svhicli lies be- 

hind tl e center of the cornea 
if of course familiar to es^ryone It is knoxvn as the pupil of the eye. 
The circular band of the choro d coat surrounding the pupil is also 
familiar to all for it i* tins tim gises to the eye its brown blue black, 
or hard color Tins colored band Ins been named the ins after the 
mythical goddess of the rainboas If sse think of a rainbow mirrored in 
a pool the name perhaps is not inapt 

The inner loyer or ret no The retina lines the interior of the eyeball 
and mas be dcscnbetl as a layer of tissue Iiighh specialtred to conxert 
the energy of light xvaxes into ncnc impulses tlui arc iransmiticd by the 
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optic na^e to tlie brtuo I£ a section of the retina is examined under 
the microscope se\eral lasers can be distinguished but though the lajers 
ha\e each their oum special features they must be looked upon as being 
m close connection xvith one another and as forming together a single 
structure for receinng light and ennxerting it into messages of s ght 

As mil be seen when its cell lasers are described the retina is essen 
Ually a nersous structure Its origin from tlie brain has been mentioned- 

THE MINUTE STRUaURE OF THE RETINA 

The chief lajers to be d stinguished in the retina are shoi n in 
Figure 41 4 In order from front to back that is from the inside of tlie 
e)eball outward the> are as follows 

1 La^er of ner\e fibers 

2 Lajer of ganglion cells 

3 Inner and outer nuclear (molecular) lasers 

4 La)er of rods and cones 

5 La)er of pigment cells 

The loyer of nerve fbers. These fibers are the axons (Ch 35) of tlie 
ganglion cells composing the Ia)er (No abosc) lying just beneath 
The ganglion cells giie off tliese long fibers which after jiassing fonvard 
for a short distance turn horirontally and form a felted la)cr abose tlie 
cells from which they arose The fibers about 500 000 in number con 
\erge to one jioini near the center of the back of the e)eball like streams 
of water into a sortex Here thc) are collected mto a rounded bundle to 
form the optic nene 

The layer of gangl on cells The ganglion cells forming the second 
Ia)er of the retina are for the most pari large, plump cells \ hose axons 
form die first lajer as just mentioned Their dendritic processes are 
directed outward to form sjnapiic junctions (Ch 34) with cells of the 
internal molecular lajer 

The rods and cones Tlicsc cunousi) shaped cells which are shown 
diagnimmaticaUj in Figures 41 4 and 41 5 form the outermost layw but 
one of the retina Thej are the receptors (Ch 33) of \ision \ hen 
stimulated by light the) cause impulses to be set up in thc none cells 
\ hich are transmitted along the optic nersc to the brain In most am 
mils the cones are in greaiesi number in the fosea centralis (see below) 
that part of the retina conrernetl with acute Msion — that is with the 
perception of the finer details of the ttsual image In man this region 
contains only cones The cones arc also responsible for the appreciation 
of color In other parts of the human retina (cxtrafoscal region) tlie 
cones are intermingled s idi the rods but arc found in progressncl) fewer 
numbers farther and fardier from the fotea centril s die roils increase 
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ItfTERlOR OF EYE 





EXTERNAL OF CHOROIDAL SURFACE 

F g 41 4 S mpl Ted d a? am to $bow the <h ef leym ef th» ret no 


m numbei is the cones decreise These rod receptors are concerned only 
with the perception of light and shade Thc) give rise to no scnsition of 
color but they are sery sensitise to light of low intensity It is through 
the medium of the rods that objects can be seen in dim light Thc thresh 
old of the cones is much higher — that is they require a stronger light to 
stimulate them That is the reason svhy a fiintly illumnnied object 
such as a small stir often cannot be seen if t\e look it it directly (foseil 
sision) Only when turn our eyes a little to one side so tint its image 
falls upon the cxirafoscat region of the retiiii docs it becomesisible tve 
see 1 1 out of the comer of the. eye 

The insensitiMty of the cones to weak lUuminition and the mibihty 
to perceivecolor by means of thc rotU account for our blindness to color 
in twilight Our surroundings are then seen only as light and sindc 
white or gray and bhek Tlic rotls though they give no sensation of 
color when an image of i green blue or yellow object falls upon tlicm 
arc stimulatctl nescnbelcss and the object appears gray But dark red 
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light fails to stimulate the rods at all the absence of any kind of Msual 
stimulation then gues a sensation of black In their sensitivity the rods 
thus resemble an ordinary photographic film 

The outer sections of the rods contain a red pigment calleil visual 
purple, or rhodopsin This is dccomjiosctl by light into nn orange- 
jellow substance^ and upon further exposure into vitamin A and a 
prolcm These latter products are colorless it is ustially said therefore 
that Msuil purple is bleached by light Reconversion of vitamin A and 
protein to visual purple lakes place in darkness It is tlirough (his photo 
cliemical change ihit the rotls sene as vismi receptors The clianges in 
the light sensitive substance in some vvjy cause impulses to be set up in 
the nerve cells of the retina A constant supply of vitamin A must be 
brought to the retina m the circulation in order for a rapid reformation 
of visual puqile to occur -since a cerftin amount of the vitamin is incvi 
tably destroyed in the bleaching process This is the reason why persons 
whose diets are deficient in viiamm A are unable to see clearly m dim 
light This visual defect js callnl nzg/i/ b/inrfncjj or nyctalopia (Ch 31) 

1 Th i s ibvtancc mmists of a carom cl Lc p irnctii anil | rotcin and Iiai been called 
rctineiic The cycle of cl anges is as folluvts 


ihodopsin 



vitatn n A + protein ♦- mlnene + j roiein 
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The bleaching of visual purple by light can be shown very strikingly 
m the excised eye nt an- animal Tlie animal is kept m the dark for a 
time to allow complete restorHiion of the Msiial purple and the eye is 
remosed in darkness Then as in taking a photograph the eye is directed 
toward an object with strong contrasts of light and shade such as a 
•window sash against a bright sky Thus an image is thrown upon the 
retina that can be seen when the eye is opened m a dim light The pic 
ture known as an optogram was printed upon the retina because the 
Msual purple was bleached only where the bright parts of the image fell 

Though the existence of a light sensitise pigment 
has not been prosed for the cones of the retina there 
IS evidence that their function too is dependent upon 
a photochemical process 

The nuclear and pgment layers Between the rods 
and cones on the one liand and the ganglion cells on 
the other are situated numerous nerve cells that form 
function d links between these two sets of reimal elc 
ments Their bodies form a well defined layer known 
as the inner nuclear layer Their axons connect with 
the dendrons of the ganglion cells and their dendrons 
with the fibers of the rods -ind cones Thus impulses 
set up by stinitilatioii of the visiul receptors are li ins 
mitted to the ganglion cells and tlicnce along the 
axons of the latter (optic nerve fibers) to the brain 
The outer nuclear layer consists simply of the expan 
sions (nuclei) on the rod fibers The pigment layer 
is a single row of irregularly slnjied cells containing 
graiuiles of a dark pigment They lie in contict with 
the outer ends of the rotls and cones They probably 
serve like the black paint in the interior of the camera to absorb light rays 
and prevent blurring of the retinal image by rays of reflected light It 
will be noted that in order for light to reach and stimulate the rods and 
cones It must pass through all the other layers of the retina except the 
pvgmewt layer 

The yellow spot and fovea central s The opt c d sc During waking hours 
the eyes are incessantly making fine often imperceptible movements 
from side to side or up and down The mam purpose of these movements 
IS to bring the images of objects onto that part of the retina that is capi 
blc of the most acute vision Jf the reader vmII place some object and 
look directly at it he will be able to describe ir in detail But other 
objects well to one side above or below his line of vision are seen only 
vaguely he can scarcely tell iheir shapes or iheir colors The part of the 
retina capable of acute vision and upon whidi images are focused in 


(Fig 41 6) 



F g 41 6 Effects 
produced in a rob 
b 1 1 eye by cast ng 
an mage of a w n 
dow upon the ret 
ina The mage of 
the bright pones 
bleaches ihe vsuol 
purple A p cture 
produced in th s 
way li called on 
optogram (Aflor 
Howell I 
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order to see things clearly is a xer^ smai! depressed area cnlletl the fos-ca 
centralis In man this area since it contains onl\ cones is quite blind in 
lerj dinuiight (see aboie) In man it is only about l/, mm across It is 
hard to realize tint objects tn the outside tvorld cast images ujxni the 
retina so small as to fit upon sud» a tiny spot Indeed an object that casts 
an image xshose diameter is measured m thousands of a millimeter is 
clearly xisible 

The fo\ea centralis lies m the center of a larger yenoiv area — the 
yellow spot or macula liitea (simply the Latin words for the same thing) 
The yellow spot with us central pit or fosea lies to the outer side of 
the optic ner\e (Fig 41 7) 

F 9 41 7 The Inter or of the pos- 
terior wall of the left eyeball os 
seen from the f ont The entronce 
of the opt c nerve and the ret nol 
blood vessels is cleorly shown 
This port of the eye con be seen 
in Q I V ng penon by means of 
en instrument known as an oph* 
tholmescepe wh eh throws a 
I ght through the pup I upon lha 
ret na 

The fibers of the optic nerse where they enter the eyeball form a 
pale pink circular area known as the optic disc (Fig 417} u lies a httle 
to the inner (nasal) side of the posterior pole of the eyeball The retinal 
xessels enter the eseball near the center of the disc, and coursmg o\er 
Us surface supply the surrounding retina The oplhalmologisi e'camines 
the interior of the eyeball as a matter of routine by means of an tnsiru 
ment known as an ojdithalmoscope By such an examination mucli can 
also be leatiieil of conditions other than those of the eye itself In airopln of 
the optic nerve for example as occurs m certain neurological condi 
tions the disc is glistening and pale m raised iniracrannl pressure u 
appears swollen and congested {optic ncurilii) and in arterial hyper 
tension the retinal ariencs are roiistncied and win in appearance 

Though the retina is stimulated most cflectiscly by light rays other 
types of stimulus will produce visual sensations In whatever manner the 
retina is stimulatet! the sensation experienced is always a visual one 
(Ch 33) A blow on the eyeball (mechanical stimulus) for instance 
causes one to see flashes of light in the form of circles streaks or stars. 
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THE OPTIC NERVES CHIASMA AND TRAaS 
The opiic nerves con\er|»e behind ihe e^e and appear to fuse in 
front of the pituitary bod) Here the fibers from the inner (nasal) half 
of each retina but not those from the outer retinal halves cross to the 
opposite side (see Fig 43 2) The structure formed by this partial cross 
ing IS called the optic chiasma From the diiasma the fibers now calletl 
the optic tract continue on each side of the midbratn v hence the v isual 
impulses are rela)cd by fresh neurons to the occipital Jobe Thus the 
nght ocnpital lobe receives impulses from the nasal half of the left retina 
and the temporal half of the right while impulses from the nasal half of 
the right retina and the temporal half of die left go to the left occipital 
lobe It IS evident that a lesion of one occipital lobe or optic tract v ill 
cause half blindness or I emtanopia in the corresponding retinal 
halves 



42 

The Physiology of 
Vision (continued) 


GENERAL OPTICAL PRINCIPLES THE CRYSTALLINE LENS 
ACCOMMODATION OF THE EYE 

Refledon end absorption el light Light travels m waves H a 
speed of 186 000 miles per second The waves or v ibratjons of light are of 
different lengths, but all are extremely short, bemg measured m mil 
lionths or ten millionths of a millimeter ‘ Since Iigitt waves travel at 
such an enormous speed immense numbers must be reflcctetl to our 
eyes each second from the various objects around us 

The color of anj light depends upon the length of the vvaves of 
which It ts composed (see also Qi 15) Tlie waves of red light arc the 
longest (700 to 800 m/i) that cause a visual sensation ^\avcs longer than 
these are felt as heat, or are known as radio waves which as everyone 
knows are measured in meters instead of millionths of millimeters The 
Slaves of violet light are the shortest that stimulate the retina Shorter 
waves than these — die ultraviolet — have powerful effects upon the bmly 
but they do not excue the retina to produce the sens.ition of sight \\ aves 
still shorter than the ultraviolet arc ihcx riys The vnves of orange light 
are shorter (650 ra^) than the red rays but are longer tlnn those of 
yellow (600 mp) or of green (500 to 550 mjs) The waves of blue light 
(about 450 mji) and of violet (around 400 mjx) arc shorter still There- 
fore starting at the red side of the rainbow — that is at tlie left hand end 
of the spectrum (Cli 45) — the differem colors are hid out side by side 
in the order of their viavelengihs The red is on the extreme left, violet 

'A mitlioiiili of a miltiincier t» a millimcnn (aWnciiaifl m;i) a ten mitli iili 
of a mill metrr is called an angsti mi umi FiUer unit may be used to exf icss tl« 
Waicl ngihs of light 
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on tlie extreme right, orange. green, and blue in this order, he 

in between (Plate VJd^) 

\\a%es of light continue to trarel from their source until the) strike 
some material through tvhich the) cannot pass Some of the trates ma) 
then be reflected, tlie rest are absorbed It is tlie rellected nases alone 
that enter the eje and through tshich tlie reflecting objects are seen 
Light svases of different lengths arc not aluajs reflected to the same 
degree (Fig 42 1) The surfaces of some objects reflect mainly the long 


Fig 42 1 Diogrom to ItWrote 
ths obtorpiion and reflect on of 
ligKt from the jvrfoce of o red 
oblect Note thot oil ihe const t 
uent royt of white i ght ore ob- 
sorbed except some of the red 
which ore reflected 



red trases and absorb the shorter tvates of orange, yellots, blue, green, 
and violet Such an object therefore appears retL If the reflected light 
consists mainl) of the shorter tsrascs — orange, )cllou, and green— die 
object IS of the corresponding color If all wavelengths arc reflected 
equally, the object appears white A surface that absorbs completely, or 
nearly so, all the light that falls upon it, appears black, for there are no 
reflected waves to stimulate the retina, and the sensation of blackness is 


simply the absence of any retinal stimulation A matenai through which 
light passes Vvith little or no obstruction — that is, 
jy one that nciihcr reflects nor absorbs light-— is trans 
— // parent Some perfectly transparent matcnals such 

LA as air. or clear glass placed at a certain angle, arc 
~/^ imasible 

1 2 Jj'^ Refroction of Iigln Rays of light become bent 

I \ y/ - I from iheir straight paths v%hcn llicy pass from air 
into some other transparent material, such as glass 
— or water, or, vice versa when they pass through one 
”” of these materials into air This blending of the rays 

Fg 42 2 The re- of light IS called re/raction We have all noticed that 

faction o ig t ^ partly submeigcd m water appears broken 

at the point where the air and vvatcr meet The illusion is due to the 
fact that the rays of light reflected from the submerged portion of the 
stick become bent, or refracted, in passing from the water into the air 
to meet our eyes Having no experience of the bending of light rays and 
therefore assuming that they come straight from the object to our eyes 
vs e receive the impression that the stick is broken (Fig 42 2). 
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A glass pnsm — that is a wedge shaped block of glass — refracts un 
equallj the rays of light transmitted through us different parts Those 
ra)s transmitted nearer the apet are refracted more strongly than those 
transmitted nearer the base All rays arc bent toward the base of the 
prism Therefore if two prisms are placed base to base the Iiglit rajs are 
converged and at a certain distance from the glass surfaces brought to 
one spot or focus A lens with two convex surfaces (Fig 4*^3) is in reality 
composed of two prisms placed in such a position A lens with two con 
cave surfaces (Fig 424) on the other hand bends the rays away from 
one anotlier acting like two prisms placed apex to apex 




f g 42 3 The convergence of I ghi by e con Tg 42 4 D ve g ng effect of o concave 
vex lent lent upon pa ellel oyt Redoing rays 

or* mode mo e d vergent by a concave 
lent 

The converging action of a comex fens can be shown lerj simplj 
by means of an ordinary burning glass The sun s rays tra\ el in straight 
parallel lines but in passing through the glass are refracted and can be 
brought to a focus as shown by a small spot of bright light The heat rays 
are also concentrated and the temperature of the object upon which they 
fall may be raised to the point at athicli it ignites The more curved — 
that is the more comex — the surface of any lens the greater is us con 
verging power and as a consequence the shorter is the distance fiom the 
lens at which die rays are brought to a focus 

Not only sunlight and rays from other sources a great distance away 
but rays emitted from any source except those at very short distances 
travel in practically parallel lines Rays from a near source are divergent 
or radiating and must therefore be refracted more strongly m order to 
bring them to a focus at the same distance from the lens as parallel rays 
(Fig 12 5) In order to do this the fens must be more convex The dis 
tance from the lens at whicli parallel rays are focused is called the focal 
length of the lens the shoner us focal length the greater therefore is 
the converging power of a lens 
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The eye os a camera In the imention of the camera the mam parts 
of the eye ha\e been imitated \ery closely A lens serves to focus the rays 
of light upon the sensttise f Im The light coming from an object m front 
of the camera passes through the lens and is brought to a focus and forms 
a small image of the object upon the film In the eye also there ts a lens 
tint brings the rays of light from objects in the outside ivorld to a focus 
upon the retina uhich like the photographic film is sensitise to 1 ght 
The camera has a diaphragm or stop to increase or reduce the amount 
of light reidiing the film The eye also is able to control the amount of 
light entering it The ins serves this purpose its opening can be widened 
or narrowed The globe of the eye corresjxinds to the bov of the camera 
the rays of light pass through this darkened chamber to reach the retina 

The lens of the eye The crystalline lens is siisjiendctl uithin the eye- 
ball a short distance behind the cornea in a lianimocklike structure 
called the suspensory ligament The lens and the structures surrounding 
It divide the iiucnor of the eyeball into two compartments The com 
pariment m front of the lens is filled with a clear watery solution called 
the aqueous humor the larger compartment beliind is occupied by a 
semifluid material called the vitreous body The crystalline lens is a 
biconvex disc but the anterior surface is more strongly cursed than the 
posterior In health the lens i$ almost |>erfectly iransjiarent ^V'hcn as 
sometimes occurs it becomes scmitniisparciu or opatjue the sight of 
course is lost Such a condition is s;>okcn of as cnlarnct The cornea also 
refracts the light and so acts as an important aid to the tens The eyes of 
insects are provided not like man with a single lens but with a large 
number of lenses placed side by side An object casts a large number of 
images nearly though not quite titesame upon the insects retina 

Accommodat on of the eye for near v s on As stated aboi e rays of light 
coming from a d stint object are parallel but those coming from a point 
close to ilie eyes are radiating or divergent The jiarallel rays obviously 
do not need to be bem so acutely as the mdiaiing rays in order to bring 
them to a j oini at the same distance behind the lens Consequently if 
we take a lens that lias a certain power to refract light rays it will be 



Tg i2 5 The convc gence of rod oltng (d vergeni) ray* of I ghi by o convex ten* 




F g 42 6 lllust at ng haw porollel rays A and d verg ng royt B a 9 iO’ 
cuted upon the fim in e comero of the bellewt type Since the power of 
the lens cannot be altered the d stance between lens end rim for B must 
be increased that Is the rim Is pieced at the new po nt of focus 
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found tliat the panliel rajs from a distant object ire brought to a focus 
It a shorter distance bejoiul the lens tlnn the radiating njs from a near 
object (Figs 12 3 12 4) 

\\hen tMih the bellotss t)pe of camera sve uish to take a photo 
graph of an object only a feis feet auay from the camera front the 
bellous must be drawn out so that the lens ss farther from the film than 
when a more distant view is being photographed (Fig 42 0) The reason 
for this IS of course that as just mentioned the radiating rajs from the 
near object are brought to a focus at a greater distance behind the lens 
linn are parallel rays from a tbslancc object hen the distance from the 
lens to the film is such that the rays of light are brought togcilier to 
form a clear image the camera is said to be in focus Wiili the ordi 
nary box camera which is not prosided with the means for inosing the 
lens back and fourth photographs of \ery near objects cannot be taken 
unless in front of the original lens another lens is placed tliat will bend 
the rays of light more acutely and bring them to a focus upon the film — 
that is at the same distance — behind the lens The addition of nn extra 
lens IS equivalent to using a more comex single lens (Figs 42 7 42 8) 

Like the bellows camera the eye can form clear images upon its 
sensiiit e surface— the retina— of either near or distant objects Unless the 
eye were presided with some means of adjustment the mcw of distant 
objects might be quite clear but m reading writing or examining small 
objects the images upon the retina would be out of focus and blurred 
In order that the reader may convince himself tint tlie eye lias this power 
let him look at some object near the farther end of the room While Ins 
eyes arc foaised for this object let him bring this page in front of his 
eyes The words will appear blurred and indistinct for the letters are out 
of focus upon the retina In an instant however he can direct his eyes 
to the letters whicli are immediately seen clearly This ability to bring 



Fg 42 6 The tens A con focus por 
ollel rays to the surface S but coutd 
not focus d verg ng rays to the same 
point The more convex tens 6 bends 
ight rays mo e ocutety and so can 
br ng ihe d verging rays from o near 
object to a focus upon S Compare 
wth Fig 42 9 
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F g 42 9 Show ng how jhe eye by 
Increasing the convex ty of ilt lens 
can focus rays of I ght from e ther 
d slant A or near B oblecis upon 
the ret no 

near objects into iocus upon the retina is called the accommod/ilton of 
the eye 

VJe must next consider Iiow the nccommodation is accomplished 
The eye cannot of course like the bellosvs camera mo%e its lens for 
ward or backward* and so increase or reduce tlie distance betueen the 
lens and the retina It resembles more tlie box camera m svhich the lens 
IS placed at a fixed distance from the film As mentioned nbose a near 
object can be photographed with the box camera only bj emplo>ing an 
extra lens sshich will aid m bending the dnerging n>s of light The 
e)e hosveser cannot obtain an extra lens but it can accomplish the 
same effect in an instant by increasing the power of its lens The lens 
becomes more convex when near objects are viewed and so bends more 
strongly the radnting ra>s and brings them to a foais at the same dis 
tance behind the lens at is <{ocs the panifel ra>s Thus in Mewing either 
near or distant objects a clear image is thrown upon the retina (see 
Figs 42 8 and 42 9) 

The shape of the lens is clianged in the following way The lens is 
an elastic bod) and ordinarily it is slighil) compressed by the lens cap- 
sule tint encloses it and blends with the susj>cnsor) ligament whose 
outer parts are connected mdircctl) to the interior of the eje WTicn one 
looks at a near object the delicate ciliary muscles within the globe con 
tract and the tension on the ligament and capsule is reducetib) drawing 
forasard the attachments of the former to the wall of the e)eball (Fig 
42 10) This relieves the Rattening pressure upon the lens which springs 
into a more aincd or bulging shape Tins action is similar to the flat 
tenmg and recoil of a rubber ball held between the finger and thumb 
when the pressure upon it is increased or reduced (Fig 42 11) The lens 
of the eje shares with the other tissues of the body the tcndcnc) to 
become less clastic with age. Its surface docs not spring forward and 

*In some classes of Fsl ih s mctlol fs actually «niplo>ed and m certain moll sis 
aecommo hi on for near s i on Is tiro gfu about by a le gtl cn ng of ll c cjebilJ 
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Fig 42 10 Show ng the shape o( the crystal! ne lens for d stoni ond for near v slon 
respect vely The suspensory I goment ond cil ary muscles are shown (After Helmholtz ) 

become more con\e\ in the usual way when the pressure is reliesed 
Tliat IS the reason why elderly persons ha\e diflicuUj in accommodating 
iheir sight for near objects (picsbyopta see Ch AV) They hold a printed 
page at arm s length in an elTorc to focus the letters upon the retina 
They cannot increase the power of the lens at will Convex glasses are 
emplovcd for reading and other fine work The eye of the elderly is like 
tlie box camen it must seek the aid of an extra lens to bring the light 
rays from near objects to a focus upon the retina 

The act of accommodation includes two additional factors — iiar 
rowing of the pupil (contraction of the ins) and convergtnec of the eyes 
(the hues of sight thus meeting at the object) 

The funeton of the ins The ins (Ch 41) is made of a delicate ring 
shaped sheet of muscle The muscle consists of two sets of fibers one of 
which IS arranged circularly the other radiating from the central opening 
— the pupil (Fig 42 12) Each set of muscle fibers is supplied by fine 
nerves belonging to the autonomic nervous system — the constrictor mus 
clc by jiai-asymjiaihctic and the dilator muscle by sympathetic nerve 




Fg 4211 Dagram of a tma)l rubber bo!! held 
between fnger ond thumb to illusirole how the 
etastety of the lens causes It lo become more 
convex when the suspensory I gomenl Is sleekened 
In A the boll is compressed by the f ngers In B ihe 
pressure has been releosed and the boll springs 
bock lo o more rounded shape It should I 
poinied out however that only the anterior 
foce of the lens becomes more convex durir 
ocoomwodaton of the eye hlfle or no 
occurs in the shape of the posterior 
Rg 42 10) 
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Rg 42 !2 The Ins The ciliary 
arteries branches of the oph* 
tholmic, form a circle (circutus 
maior) around the circumfer 
ence of the Insy from this, fine 
vessels, anastomosing freely 
converge toward the 'pupil at 
whose margin a second vascu 
lor ring (circulus minor) is 
formed The fibers (not shown] 
of the dilator pupiltoe muscle 
run in a direction roughly 
porollet with the converging 
vessels 


Brsisches of ciliary orieties 



fibers When the circular fibers contract, like a purse string, the pupil is 
narrotsed When the radiating fibers shorten, the pupil widens The 
diameter of the pupil is larger m dim than m strong light In darkness 
the pupils dilate widely Thus, the iris serves ihe same purpose lor the 
eje as the diaphragm, or '‘stop,’* does for the camera, it controls the 
amount of light entering the eye The pupils are also narrowed when 
(he eyes are directed to a near object, but dilate again when they are 
turned upon a distant view The reader may %eri[y these facts for himself 
by alternately shading and exposing the eyes of another person and 
noticing the changing site of his pupil, and also by haxmg him direct 
his vision alternately to a near and a distant object Tiie pupil dilates 
With fear and narrows in anger It becomes progressively smaller with 
age Epithelial cells containing pigment, which gives the eye us blue, 
brown, blick, or hazel color, cover the posterior surface of the iris 

The field of vision We cannot see an object behind our heads, as we 
all know Our field of vision — that is, the actual region in front of us in 
which we can see objects by turning the herd (but not the body) to one 
or the other sale — is about four fifths of a circle of which the head is ihe 
center When the eyes are directed straight aherd tlie visurl field is re 
stricted to a little more ilnn half a circle If the reader will look straight 
ahead, hold Ins two forefingers at arms’ length in front and level with 
his eyes, and then, separating the fingers, carry tliem circularly to right 
and left, he vsill find that they cannot be seen when they have been car 
tied a little behind a point opjiosite either ear The region behind this 
IS spoken of as ihe blind zone TJic bird Ins no blind zone, as its eyes 
arc placed upon the side of its head, it can sec objects behind almost M 
well as m front of its body 

The blind spot A small object placed at a certain point in front of 
one eye while the otlicr is closetl m invisible benuse its image falls 
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Fig 42 13 The bl nd spot Close 
the left eye hold the f gure 
about 6 Inches In front of the 
nght eye and look steocFIy ot 
the wh te cTsV Move the book 
slowly toward the eye unt I the cross cTsoppears When th s occurs the image of the cross 
hos fallen upon the entronce of the opt c nerve At th s spot rods and cones ore obsent 
end It IS therefore inserts t ve to I ght 

upon that part of the retina occupied b) the commencement of the optic 
nerve (Fig 42 8) Here the rods and cones are absent Only the nerve 
fibers as they stream together from different parts of the retina are 
present in this area and in consequence it is insensitive to light The 
visual receptors — the rods and cones — alone are capable of creating nerve 
impulses when exposed to light The reader is referred to Figure 42-13 
for a demonstration of the blind spot in liis own e)e. 




43 

Interpretation by the Brain 
of Impulses Received 
from the Retina 


We ha\e seen that the e)e is an instrument for the conser 
Sion oi light energy into nerve impulses Cut visual sensations have their 
seat m the occipital lobe (Cli $7) — the cortex of that pan of the brain 
lying at (he bacf; of the cranial cavity Destruction of this part of the 
brain on both sides in man urill cause blindness just as complete as it 
both eyes were destroyed This r^on of consciousness interprets the mes 
sages receivetl from the retina 

Pos fion of the ret no! image In a camera the image thrown by the 
lens upon the film or plate is upside down and reversed from side to side 
Images are cast upon the retina in a similar way (Fig 43 1) Yet vse do 
not see things upside down nor as mirror images Things are really as 
they seem Through experience the brain has learned to interpret cor 
rectly the pictures cast upon the retina so that we see objects in their true 
positions This fact may be dcmonstratcil fay the reatfer upon himself 
If he doses his eyes and presses upon the outer side of one eyeball so as 
to stimulate the retina he w ill jicrceive a ring of light The bright figure 
however does not appear to be m the region of the finger but on the 
opposite side of the eye Similarly if the lower part of tlie globe is 
pressed the ring of light appears to be above the eye T/iis simple expen 
meni shows that the brain interprets impressions received from the outer 
or upper parts of the retina as being opposite the inner or lov\cr jiarts 
and vice versa The brain through experience and with the aid of other 
senses espcaally of loudi m the fotgottcn earliest years of our lives has 
learned that the inverted and revencci images tliat outside objects cast 
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Fig 43 I (above) Inversion of the image 
upon the retina 


Fig 43 2 (right) Diagram to show the 
course of Impulses from retina to ocoptol 
lobe The unbroken lines indicote the 
course of light rays from on object ot the 
left The dotted lines Indicote light coming 
from on object at the r ght 



upon the retina do not represent these objects tn tlietr true positions 
and without any conscious cHori sees them upright as they are 

Binocular vision It must also be remembered that an image is formed 
upon eac/t retina Our vision for this reason is called binocular Yet only 
one image is seen so long as both eyes are maintained in their correct 
positions by the eye muscles If one eye, hoavever, is pressed gently to one 
side by the finger so that the direction of its sight is not correctly related 
to that of the oilier eye, tno images at once appear, one beside the other 
The reason that, normally, only one image is perceived though two are 
formed — one m each eye — may be understood from Figure 43 2 Each 
of the two images formed by any object falls upon one half of each 
retina, but, as a result of the crossing and rearrangement of the optic 
nerve fibers behind the eyes, the two images are recorded on only one 
side of the bram Thus, an object placed before our eyes throws images 
simultaneously upon the left or the right halves of the two retinas, but 
never, so long as the eyes are m their true positions and die object is not 
loo close to the eyes do the images fall upon different retinal halves — 
on the right half of one retina and on the left half of the other, if this 
occurs we see double 

It seems then that any given point on one retina is paired with a 
point in the same relative position on the corresponding half of the 
opposite retina Hence we may think of oneor a group of recepton (rods 
and cones) in the two retinas functioning together to form a double 
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receptor mechanism. But impulses set up by the stimulation o£ these 
paired receptors pass to the occipital cortex of one side of the brain and 
probably have tlieil- destination in a single nerve cell or a small group 
of nerve cells. This is known as the theory of corresponding points, ad- 
vanced to account for the fusion of the separate retinal images Figure 
13.2 shows the fibers from the left halves of the retinas going to the left 
side of the brain, and those from the nght halves going to the right side 
of the brain. The result is tliat a single impression is registered in con- 
sciousness. When the ejes are **out of line,” the two images fall upon 
noncorresponding points in the retinal halves, and the impulses pass to 
both sides of the brain. As mentioned above, double vision (diplopia) 
then results. 

Severe damage to the optic nerve of one side causes blindness to the 
nerv'e of that side (Fig. ‘IS 2) . But if the pathway has been injured after 
the fibers have crossed, or if the occipital region of only one side is 
destroyed, the blindness is confined to the halves of the retinas from 
which impulses are received This is called hemtanopia (literally, half- 
blmdness) (Ch. 41). 

Stereoscopic vision. The impression of distance and the solid substan* 
tial appearance of surrounding objects are also dependent upon processes 
having their seat in the brain Our surroundings are not flat Jike a photo- 
graphic scene: everything about us stands out clearly from its background. 
Objects appear to have depth and volume, as uel! as width and height. 
Our vision is three-dimensional, or stereoscopic. The stereoscopic effect 
IS due cliiefly to the fusion of the two retina! images, whicli are not pre- 
cisely the same. If a cubical object placed directly in front of the reader 
is viewed with one eje (the other one being closed), and then with the 
other alone, it will be found that the image formed by the right e)e is 
very slightly different from that formed by the left (Fig. 43 3) . The right 
eye is in a position to see more of the right side of the object and the 
left eye to see more of the left side The brain blends die two dissimilar 
images into one; but, just as when tuo colors are mixed together the 
resulting single color has some of die original tvvo in ns make-up, so the 
single fused image has hidden in it the slight differences of the two of 
whicli it is composed. It is this hidden difference that is largely respon- 
sible for objects standing out in rebel with the appearance of solidity. 
A photograph or picture appears flat because the images in the two eyes 
are identical and their fusion by the brain produces no stereoscopic effect. 

Fig 43 3 Stereoicopk effect eauieJ 
by the fusion of slightly dissimilor 
Images. Hold the figure obout 6 Inches 
from the eyes ond "stare through It." 

The Imoges wilt become fused and 
produce an effect of solidity and 
depth in the drowing 
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E\en images {jime unlike nia> be fusc<l (Fig 43 4) Parallax (see Glos 
sar)) IS also of prime imjioriance m stereoscopic vision 


Fig 43 4 Fusion of dssimilor images 
When the figure h held about 6 Inches 
from the eyes ond goied of sleodly the 
mouse enten the gloss vessel 

The ordimr) stereoscope mikes use of these principles A camera 
with luo lenses set like the e)es a short distance apart, nkes tvs o views 
The photographs are slightly dilTcretii. because the angles at whidi the) 
were taken are different \\ hen viewed through the stereoscope, the pic 
lures are directed one to each C)c b) means of special lenses The brain 
fuses the images to produce a remarkable illusion of depth and sohtliiy * 
The judgment of sae Our appreciation of the sire of any object 
depends upon the size of tlie image that the object easts upon the retina 
But the size of the retinal image is de|>cndcnt not onl) upon the actual 
dimensions of the object itself but also upon the distance of the object 
from the e>e For instance, a diurdi stecjile a mile awa) throws .an 
image upon the retina tliat is no larger — perhaps smaller — than the 
image cast b) a needle a foot m front of the C)cs \ci we know that the 
steeple is immensely larger than the ncctlle The brain has estimated 
the difference in the distances of the steeple and the needle and ins 
made allowances in judging the size of the ivvo objects This sense of 
distance is caused to a large extent by impulses that arise from the mus 
des within the e)cbaU (ciliar) muscles) when they contract or relax to 
accommotlatc the e)e for near or distant objects (Ch 12) For similar 
reasons the moon when ruing above the horizon appears to be twice or 
three times the size that it does when high in the sk) The image it forms 
upon the retina is hoviever, of the same si/e in both positions It is our 
estimate of the distance that is at fault hen we look at the moon over 
the land the distance appears to be greater than when we look at it 

> A very iiiKvniotis but simple stcrcosoipc involving the same principal h one in 
which ivvn iligliily diMimilar ptriurc-s one in blue an<l the other in rcii are pnnird 
one overlapping the other When looLrvI at wiih the unaided eyrf, the piciurci are 
no more than a confused jumblv. wiih a ml blue outline U however, they arc looked 
at through a pair of spectacles with a ml glass on one ii Ic ai d a blue glass on the 
other a remarkable stereoscopic effect is ptoducctl Tlie colored sptciacles sort out ihc 
confused pictures and send one to each rye The ml picture is seen as black through 
the I lue glass since this absoibs the ml ravs the blue j icliire Is indisiliicl Tie blue 
pietiire is snn as black ihtoiigli ibr ml glass since the blue ravs arc abwnbcd the 
ml picture is indistinct So ihe si-paratc and slightly dissimilar images fall upon oj po- 
sitc retinas. The mulling sensaii m is a scene in black anil v>hite conveying the imptes 
Sion of dvpth ai d sobdiiy The sccTWMCOpc may lie used for ilie dctccti in of cviunteifnt 
notes TJie suspected note U placed beside a genuine one If one note Is a a>py of the 
other and not made from the Htne pbte ic will ineviiably differ In detail Inmi the 
genuine no tnatier how skillfully the work has been done and Ihc diwimilar Images 
will give an appearance of depth in crnain parts of the design that otherwise would 
not appear 
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o\erhead. Consequently since our judgment of in objects sue from the 
size of Its retinal image is influenced by our estimation of its distance 
from us the rising moon ippeirsmuchlai^o* (Fig -13 5) 

We have all expenenced the effect ihii is produced wlien while our 
e)cs are accommodated for i distant scene a minute neir object such 
as a speck of dust comes suddenly into viesv the tinj object appears to 
be of huge proportions The same effect is produced bj afienmages (Ch 
•io) If a small bright object placed close to the ejes is looked at steadilj 
for a time and then the eyes are directed to a blank stall some distance 
avtay the afterimage seems immensely larger than the object itself The 
accommodation of our ejes to the more d slant stall deceives the brain 
for the nerve impulses it receives from the muscles of accommodation 
lead It to believe that the afterimage comes from a distant object it 
consequently seems larger 

The (udgment of d stance Not only does our appreciation of distance 
influence our judgment of size but also our general knowledge of the 
sue of objects of certain shapes influences our judgment of distance 
For example vve know from previous experience that a steeple is much 
larger than a needle therefore if the retinal image of the steeple is no 
larger than that of the needle at a short distance the fonner is judged 
to be much farther awa) The relation of an object to other objects in 
front of and bcliind it the stereoscopic effect of depth and tlie effects 
of accommodation already referred to all aid us in our appreaation of 
distance as well as of size The atr is not perfectly transparent hence 
when a distant view is seen it apjiears dimmer and takes on a bluish tint 
For this reason visitors to climates v\hcre the air is unusually clear make 
mistakes in judging distances objects appear closer than they really are 
A hazy day makes scenes appear more distant (Cli -1 1) 

Opt cal illus ons The brain is sometimes dcccivetl by imitations of 
certain effects upon which it bases its judgment of the sue shape and 
color of objects in the outside world Errors of judgment caused in this 
way are called optical illusions The effect produced by the stereoscope 
(sec above) and the misjudgment of sue and distance base already been 
briefly referred to The illusions of distance caused by blue and of near 
ness by red and yellow are discussed in Chapter AA Other examples of 
optical illusions arc siiovsn in Figures 13 5 to ]3 10 

Movements of the eyeballs Eadi eye is furnished with six small muv 
cles vshich are attached by ilieir outer eiub to the arcumference of the 
eye globe near ns equator and by their inner ends to the bony vails of 
the eye socket (see Fig 5 29) One muscle (external rectus) attached 
to the outer side of the eye turns the eye ouiVNard another (internal 
rectus) on the inner side rotates it inwartl Tlie eye is turned upi ard 
by a muscle (superior rectus) fixed to the upjier part of its circumfer 
ence ns rotation tlov\nvvard is effected by a corresponding muscle (infc- 
nor rectus) atnchetl below The rem lining two muscles an. dircctetl 




of disfonee produced by Fig 43 6 The figure thowt o ierie$ of »eps 

the converging (met eoutei which, when gazed ct fixedly, oppear os on 

It to appear larger overhanging woll (After BernsleinJ 



Fig 43 7 Hold the page In a horizontol porition o little below the level of the eyes ond 
obout 8 inches in front of the face look steodily ol the curved line A series of short 
vertical ban oppear to pierce the paper When the page is moved slowly from side to 
side, the bors oppeor to sway to and fro fttedrewn from Franklin after Howell ) 


t T 

1 ; 1 

Fig 43 8 Zollner's lines Fig 439 Illusion Fig 4310 Illusion of distance The 

The long diagonal lines of size The verti distance from A to S oppeors to be 

are parallel (hough (hey cal lines are both greaSer (han (haf from B to C They 

appear otherwise of the same ore both the same 

length 
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Sup rcclus 


Fig 43 11 The extrinsic musclet of the 
right eye 

obliquely, lo be aitnched one to Uie upper and outer segment of the 
globe, the otlier to the lower and inner segment The first mentioned 
of these oblique muscles (superior oblique) rotates the ejeball doun 
ward and outward, the other (inferior oblique) rotates it upward and 
outward toward the temple Normally, the muscles of both eyes act in 
untson, so that the positions of the eyeballs are always kept in their 
proper relation to each other When a muscle of one eye pulls more 
strongly than the corresponding muscle of the other eye, the lines of 
sight of the two eyes are not correctly directed The person is said to be 
cross eyed The teclinical term for this condition is strabismus Under 
these ciraimsiances the images fall m different regions of tlie two retinas 
(p 585) and it might be thought that such a person would suffer from 
double Msion, but, as a matter of fact, he usually learns subconsciously 
to disregard the image in one eye 






Loteral reclus 



Inf t»clps 
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Fig 43 12 Actions of the ocular 
muscles The uppermost sketch Indi* 
cates the normol forward-looking 
posif on of fhe eyes 
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Optical Defects 


LENS DEFEaS 

Tuo defects spherical and chromattc oberralion are pos 
sessed by all ordinary comex lenses 

Spherical oberraren Ra)s of light passing through a simple convex 
lens are not all brought to a focus at one point The rajs passing through 
the lens near tis circumference are bent (refracied) more strongly than 
the rays transmitted nearer its center The result is that die rays passing 
through the outer part of the lens cross those passing more centrally 
(Ftg t4 I) This defect of lenses is called spherical alerralton In the 
manufacture of expensive camera lenses speaal means are employed to 
correct the defect Such lenses are made of several parts cementevi 
together The centra! part of the lens is composed of a glass that refracts 
the light rays more in accordance with the refraction of the outer part 
All rays whether they pass through such a lens near its circumference 
or near ns center meet at the same point On llie other hand, clear 
images may be formed with a cheap lens if the outer mterfenng rays 



locus tn fronl of ihe mote cenlTot (oys The >en col broVen I nes in 
front of the lens show how a stop of a camera, or the Ins of the eye 
cuts off the outer roys 
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Fg 44 2 lllusrrollng 
ehromot c oberratlon 
The jmoll f gure shows 
how a simple lens is 
essentlotly fwo prisms 
placed base to base 

are cut off by meins ol a diaphmgin For this reason as we all know the 
sharpest photograph cin be taken when the small stop ts used and 
the ra)s of light are thereby restricted to the center of the lens These 
devices resorted to by the manufacturers of lenses for the correction of 
spherical aberration are an imitation of the methods employed by nature 
to perfect the organ of sight The central portion of the crystalline lens 
IS composed of a material slightly different from that composing ilic 
outer part with the result that the outer and inner rays arc refracted 
to nearly the same degree The ins also like the cameras diaphragm 
cuts off any outer interfering rays 

Chromatic aberration The ssases of different lengths 
composing white light are not all refracted to tlie same 
degree by an ordinary simple lens (Fig 44 2) Wlicn one 
attempts to focus the rays of light from the sun by means 
of a cheap comex lens it is imjKissibIc to get a uniformly 
svhite light A halo or fringe of colors — retl orange yel 
losv green and blue — appears The ring of spectra! col 
ors IS caused by the glass prisms of which the lens is 
composed’ refracting the light rays to different degrees 
according to their svasclengths The red rays arc re 
fracted less strongly than are the orange the orange 
less than the yellow or green and the green less than 
the blue Tims ilie colors are separated and laid out m bands as in a 
rainbow Chromatic aberration (Gk chromos color) is corrected in 
camera and microscope lenses by cementing a biconvex lens of crown 
glass to a concise block of flint glass (Fig 44 3) A lens made in this 
way IS called achromatic that is noncolor forming The lens of the 
eye is not corrected for chromatic aberration yet we do not sec objects 
surrounded by colored halos The reason that we do not is tint in look 
ing at colored objects the eye alternates its focus rapidly for the different 
colors At one instant the refrarimg power is slightly increased at another 

simple biconscx lens is in rralily lHt> glass pnsms placed base to base The 
splitting of while light by a pnsm is desenbed in Chapter 4 \ s mf le concase lens 

resen blcs IV o pnsi is { lami apex lo apex 



Fig 44 3 The 
itructiire of an 
achromatic tens 
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slightly diminished At one instant red is in focus at another instant 
blue or green The different color impressions occur so rapidl) that they 
become fused m the retina to produce the sensation of sshite (see CIl 4a) 
The adjustments of the fens are so slight and made svitli such little effort 
that s\e are unconscious of them 

These facts are used b) the artist to produce the illusion of distance 
As stated previously our judgments of distance are dej)endent in part 
upon the efforts of accommodation that ue make practically uncon 
sciously (Ch 42) For instance when we look at a distant object the 
suspensory ligament is taut and the ciliary muscles are relaxed ^VTien 
the eyes are foctisetl upon a near object the suspensory ligament is 
relaxed and the ciliary muscles are contracted The brain receives nerve 
impulses from these structures and through long experience has learned 
to judge the distance of an object by the changes in accommodation 
required to see It clearly hen the artist therefore paints a distant lull 
in blue or violet the eye must m order to bring Uie blue color into 
focus counteract the greater bending of the blue rays Its lens is there 
fore put into the shape in which its power is least (Ch 42) that is as 
though the eye were focused upon a far object The brain is deceived 
to a certain extent and an impression of distance is created kellows and 
reds when included in a picture produce the reverse impressions They 
seem to bring objects closer lellow and red rays are bent Jess strongly 
therefore in order to bring these colors into focus the crystalline lens 
must increase its power just as though the eye were viewing a near 
object These facts may be clearly demonstrated by placing a red and a 
blue lantern side by side Though both lights are exactly the same dis 
tnnee from the eye the blue one appears to be behind the red Chromatic 
aberration is more pronounced coward ihe circumference of a lens hence 
the ins to a certain extent by covering this part of the lens diminishes 
this defect of the eye 

Presbyop a This is a defect of the eye already described in Chapter 
42 in whicli the lens having lost the resilience or elastiaty of youth is 
unable to increase its power sufficiently lO focus images of near objects 
upon the retina 

DEFECTS OF VISION DUE TO 

ABNORA\AL SHAPES OF THE EYEBALL 

The three defects describetl above may be considered natural or 
physiological The first two are present in all eyes The third occurs as a 
natural consequence of age The three defects to be described in the 
follovsing paragraphs are present in some eyes only and are due usually to 
imperfections at birth The normal eye as mentioned elsewhere is nearly 
spherical The vertical and transverse diameters are almost the same and 
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•^nly Ys «ncli slioner than the diameter from front to back In other 
words the e)eball is nonnally \ery sitglul) longer than it is broad and 
high A normally proportioned eje is called emmetropic Sometimes 
howeser the t)C is considerably longer ilnn it is broad \ person with 
sucli an e)e is nearsighted and the condi 
tion IS called myofna On the other hand 
the e)e may be shorter than it is broad 
this condition is known as hypefopta (Fig 
•14 4) Again the cornea or the lens or 
both may be distorted and the condition 
known as astigmatism is produced 

Myop a or nears ghtedness In this con 
dition the crystalline lens refracts the ray 
of light to the same degree as in a normal 
eye but since the diameter of the eyeball 
[lom front to back is too great the retina 
IS a little beyond the {mint where the rays 
come to a focus In other atords the lens is 
too strong for the lengtli of the eyeball 
'ifter the rays come to a focus in front of 
the retina they cross agatn amt u|>on 
reaching the retina form a blurretl image 
It IS just as though tlie fdin or plate of a 
camera were mo\ed backward from the 
point avhere the rays entering through its Jens would come to a focus and 
form a clear image There is only one way m which the defect of near 
sigluedness may be oaercome— by making the rays of light more radiating 
{divergent) before they enter the eye so that the crystalline lens will be 
just strong enough to bring them to a focus upon the retina The myojnc 
person is therefore fitted witli concave lenses which diverge the rays anil 
so partly counteract the converging action of the crystalline lens (Fig 
14 4) The myopic person without glasses remedies tlic defect by bring 
ing the book or other objects at which he is looking closer to the eyes 
since the closer the object is the more divergent are the rays reflcctcil 
from Its surface 

Hyperop a or fars ghtedness In this condition the diameter of the eye 
from front to back is too short The crystalline lens is unable to converge 
the rays sufficiently to bring them to n focus upon the retina The hy|icr 
opic person to examine an object holds it at arm s length for then the 
rays are less divergent Convex lenses arc employed to aid the crystalline 
lens 

Ast gmof sm This is jmibibly the commonest of all defects of ihc eye 
Indeed pncticiliy all eyes { ossess it to a grencr or less extent but it is 
only wlien the condition is extreme that vision is imj aired The v ord 



f g 44 4 Defects of v s on due 
to obnormolies in length of 
the eyebell os eempored w ih 
the no mol A myopia 0 em 
metrop o (nermol) C hyperep a 
(o hypermetrop o) 
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iisclf means ‘ wiiliout j)oini” (Gk. a, not -i- sligma, ])oint) Tint is, rajs 
ot light are not brought to sharp points upon the retina but form, 
instead, short lines The stars, for instance, should apjiear as small bright 
dots, but as a result of the slight astigmatism of e\en Uie best of ejes 
the) seem to ha\e short lines radiating from their centers hence the 
expression "star shaped" The constant rapid mosements of our ejes 
cause the lines to sliift slightly upon the retina, and the stars appear to 
lu inkle A light in darkness, for similar reasons, seems to emit radiating 
beams 

In oulcr that rajs coming from some j>oint m the outside uorld shall 
all coinerge and come to a {loint upon the retina, thej' must all be con 
\erged to precisely the same degree Thej must all stream together, like 
uaier in a funnel louard a single )>oint If wc sliould place a lens in the 
tsall of a dark and dusty room and allou the sunhglit to stream through, 
ue uoiild see not a flat pcnnantlike beam of light, but one that sris cone 
or funnel shaped 

The rajs passing tlirough all diameters of a perfect lens come to a 
single point or focus If, on the other hand, the cursaturc along one 
diameter (mendian) is greater than along .another, the rajs passing 
tlirough the former will be bent more sharplj and come to a focus at a 
shorter distance behind the lens than ihovc passing tlirough the latter 




fig In A th» fornonto! cunrolwt« ©f |S« leni l« ih* wm* oi 

iho vert col toys of Tgltt parting ihrotiglt iVi# horieonlol end vert eol 
cTometeo ore in eonjeqgence foeiited lo ihe tome point In B the 
horlionlol eurvofure it greoier ihoo iho vert col ife toys potUng 
through the hor zonlol efometer ore foewted ot F, ond thote poti ng 
through ihe verted cTomeief at ft 
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We know that a flaw in a lens — a raised area here or a depressed 
area there — ^avill cause distortions of the images it forms Rajs passing 
ihrougli a meridian having the raised or depressed region vmII not, of 
course be bent to preasely the same extent as rays passing through else- 
where ^Vhen such blemishes exist the rajs passing through different 
diameters of the cornea or lens will not mett at one point as thej should 
to form a clear cut image (Fig 44 5) Astigmatism is due to just such 
unevenness in the surface of the cornea or of the lens a person with this 
delect being unable to locus perlecifj rays passing ibrougb the lens 
in all Its diameters Looking at the face of a dock for example ihe 
vertical numerals XII and VI may be clear but the honrontal IX and 
III may be blurred or vice versa Again the diagonal numerals may be 
out of focus while the vertical and horizontal are clear The person 
suffering from astigmatism wears glasses with the convexity of the lens 
increased or reduced as the case may be. in certain diameters (meridians) 
to counteract the defects in corresponding diameters of the eye 
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Color Vision 


Theory of color vision hue hght is in realit) a combimtion 
or blend of se\eral colors — a mixture of red orange jellou green ami 
blue light rajs ^\hen ulme light is passed thiough a glass prism it is 
separated into its consiiiuem uaselengtlu and the colors of the rainbo\» 
are laid out m a row from red to Molet The prism refracts the sva\cs of 
red light less tlnn u does the svates of orange light The orange rits 
though bent more than retl nre bent less than sellow and the uases of 
>eIlo\\ less than those of green and so on The diflercni kinds of vases 
iiMvhue light therefore vhcii 



the) pass through the prism 
take diderent paths and hit 
upon di/Ferent points of anj 
surface situated be)ond (Fig 
45 1) This arra) of colors is 
called tbej/>er/rurn (jee Plate 
VIrf A) Tlie diamond owes 
Its (lashing beaut) of sjicctral 
colors to die fact that its sur 
face has been cut to form 
facets vhich split vhite light 
The colors of the ramhoft ^rc 
formed by the raindrops 
svhidi act like prisms to sj>ht 
the sunlight and as tins con 
case mirrors that reflect the 


spectral colors to our e)es Tlie sun s i:a)s are refracted unequalls as the) 
enter the raindrop and after reflection are refracted again as thc) Insc 
(Fig 45 2) 

Thc colors into uhtcb tvlnte light ts sfiht can he recombined In 
produce white It is not necessary howeser to emplo) all thc colors of 
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the rainbow or in the fires of the diamond to obtain a white light It is 
a well known fact that not onl> white light but ill the colors in nature 
can be proUiicetl from the three colors red green and blue (or \io!et) 
These are called primary colors If we were to set up three lanterns one 
to throw a red another a green and a third a violet light we should be 
able b\ casting upon a-screen one two or three of these colors blended 
in suitable combinations to produce wliitc light or an> color v^e should 
desire. For example by blending retl green and violet light in proper 
proportions white light VNouId be produced Red and green togeilier 
with a very little blue or violet vsould produce yellow or orange green 
and violet would give blue red and violet purple and so on Pure red 
green or violet would of course be produced by the corresponding single 
lights used alone 

Vccording to the most vnOely accepted theory of color vision the 
retina jiossesses three kinds of sensitive cells (cones) One t\| c is siimu 
laied by red one by green and the third by violet When white I ght 
falls upon the retina all these elements are stimulated nearly equally 
and a sensation of white is experienced When a yellow color is seen 
the sensation is due to the stimulation of equal numbers of green and 
red but very few of the violet elements If violet and green elements are 
stimulated a sensation of blue results When a large proportion of the 
elements of green red or violet are otaicd alone we see green red or 
violet (Plate Via) 

Re) not areas senstve la color Color sensations are aroused through 
only a part of the retina A larg^ |K>rtion mmeJy iliai jnri lying more 
fonvard and toward the sides of the globe is insensitive to color because 
It contains few or no cones Images whatever their colors falling uixm 
these regions are seen only m black and while The area of the retina 


Fg 45 2 The »pl » ng su” 

I ghi ond Ihe reflect on of Ihe 
separated ray* by a ra ndrop 
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o%er whicli blue can be disunguished is larger than that oier which 
either green or re<l can be seen Tlie area sensitne to green is smaller 
again than that sensitive to red and is restricted pretty well to the pos- 
terior wall of the globe {Plate VJ6) The areas of the reim 2 through 
which these three colors are peraivctl ma) be compared to three saucers 
of dilTereml) colored glass and of graded sues placed one inside the 
other Light passing tJiroiigh the small green saucer will also pass through 
the red and blue saucers Light striking the area of the retina represented 
b) the green saucer will Uierefore be sensitive to green red, and blue 
This area supposedly contains all three fjpes of cone Light passing 
tliTough the outer band of the red saucer will pass through the blue as 
well but not through the green The area of the retina represented is 
tlierefore sensitive to red and blue only The nm of the largest — the blue 
— saucer transmits blue light only and the retinal area it represents is 
sensitive only to blue It possesses presumably only those cones that 
respond to blue light (Plate Vfc) 

The three qualities of color The features of a color by vthich it can 
be distinguished from any other color arc three — hue, b rilliance and 
saturation 

Hue simply means color in the sense in which this latter word w 
commonly used Red and green for instance arc dilTereni liues Hue is 
determined bv the length of the light waves This quality therefore cor 
responds to the pudi of a sound (Ch ‘4G) the spectrum being compared 
to the scale in music Tlie hue (or pitch) vanes from one end of the 
spectrum (or scale) to the other The origins of the names of the funda 
mental hues can be meed to the language of ovilmtion s infancy It is 
of interest to recall Uiat the adjectives red blue green and yellow have 
been derived from the names of maienab ami objects having these colors. 
Thus red comes from an ancient v%ord for blood Blue is derived from 
the color of the sky and from the same root as the verb to blow Green 
the characteristic color of young plant life arose from the word grod}, 
and yellow from gold 

Brilliance or brightness is that quality of a color that depends upon 
the proportion of blackness mixed with it For instance scarlet is brighter 
than dierry sinre it contains BtiVliante ol a tolwconespontis 

to the loudness of a sound Indeed loud is a word often applied to 
brilliant colors A sound is loud because the ear is stimulated more 
strongly by the sound waves An object has a brilliant color v\hen it 
absorbs few of the waves of that color and so reflects tliem m larger pro- 
portion to stimulate the retina 

Saturation refers to the projxirtion of vvhiie light with v\hich a color 
is mixed If the proportion o£ white light is high the saturation of the 
color is low and vice versa Thus pink is a paler — that is a less satu 
rated — color than red which gives lo the eye a deep ricli sensauon of 

r-5ji-.-,\ar j ^ J 
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color An object has a color of low saturation t\hen a large proportion 
of the light It reflects is t\hite and only a small proportion of the reflected 
light has the t^aselength characteristic of the particular color The color 
sensation is rich — that is the saturation is high — ^tvhen a small proper 
tion of the light reflected from the object isuhtte 

Color bl ndness Some persons are blind to red or green or to both 
colors and in rare instances to blue It is thought that the retinas of these 
persons are lacking in the elements sensime to these fundamental colors 
The conditi on is usualh hereditary and as a general rule affects on ly 
males — rarely females:£)Occ asionally green blindness results fro m the ex 
cessne us e of tob acco A green object apjiears grayish to a green blind 
person A person who is red blind confuses red with green and he can 
not see a red square on a black background He may choose a bright red 
tie and think that it is dark green or brown Any color that contains a 
mixture of red such as purple or orange is perceised by the red blind 
as though no red were present So to the red blind person p urple ap 
pe ars a pure blue and orange a yellow A color mixed with green such 
as a greenish blue or a greenish yellow appears a pale blue or yellow 
to the green blind 

In certain occupations such as nastgation and railroad operation 
color blindness may lead to serious accidents and for this reason it is of 
the greatest importance iliat tests for color vision be made before men 
are accepted for employment in these ocaipaiions .Since about 9 p er 
cent of per sons are color b lind and so many drive automobiles today 
lights of more suitable colors than red and green might be chosen for 
traffic signals Red and green for the same reason are jxior colors to use 
for license plates Red letters on a black background would be indistinct 
to the color blind and even to a normal person at dusk In scmidarkness 
we all lose the ability to perceive colors Red is the first color that we 
fail to see In the garden at dusk the jioppjes and geraniums appear as 
black blotches while the cornflov ers and delphiniums still retain their 
blue color A flower that apjicars a mauve or bluish pink m daylight is 
seen as pure blue in the shadows of the evening for the eye iias become 
insensitive to the red blended Vvith the blue ’ 

Contrast effects Most persons have probably noticed that black 
letters look blacker upon a while than uj>on a colored background But 
It is also true that blue letters look bluer upon a yellow ground than 
upon a ground of any other color ami yellow letters appear a brighter 
yellow upon a blue ground Also green letters look greener against retl 
and red letters redder against green Cherries for example look brighter 
against the Icav es of the tree than clscvvhere These phenomena are exam 
pics of ivhat IS icrmetl simultaneous eoniratt 

I If tl c mder looks at I late IVcf in a fading Ugl i he h II fi d tl at (he blue per 
s (t« longer than the red 
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If the color pairs^ mentioriftl abo\e— blue and jelloiv or red and 
green— uere blended together m the form of hglus. it would be found 
that the> produced white light An) pair of colors that, when fused, pro- 
duce white arc said to be complementary to one another * Not only red 
and green and the other fundamental 
colors but every color and shade of 
color has some other with which it may 
be combined to produce vvhite (see 
Table 45 1^ below, and Plate VId.B). 
There are consequently a iarge number 
of complementary colors, and the con 
trasi effect is produced when any such 
color pairs are placed side by side 
Bnefly, each oslor makes its comple- 
mentar) appear more intense Further 
more jf any two colors that are not 
complementary to each other are placed 
side by side, each will take on a tint 
that IS the complementary of the other 
For instance, if a lemon were placed 
upon a white surface in bnght sun 
shine the sh-idowitcasivvould not l^asimple dull gray, butagra) tinged 
with blue — the complementary of yellow The gray shadow cast by a red 
object would be tinged with green or one thrown by a green object 



Fig 45 3 Comb nmg compl^nientQry 
colors to produce the seasolion of 
white 


s These facts ma> be demortstraied very simply by eropJoving a glass plate lo blend 
two complomeniary colnri upon ihe retina \ green book or other object of ihis color 
IS pfacctf in front of the person maCing the experiment ff the green has a hfuish 
tinge so much the better \ liillc m front of Uie green bonk a red rmc is plaa'd A 
clear glass plate is then held midway between and about 6 Inches above the two books 
so that Ihe red book can be seen through the glass and the image of the green book a 
reflecteil from itie glasss siirtacc (fig VVhen the tvvo colors fall up< n the same 

pan of the retina and are blcndcil an almrisl white sensation is produred Blue and 
S-ellow objects looked at in the same way would abn produce white 
A top with vertical bands of red and bluish green of blue and vcilow or of an) two 
complementary colors when spun rapidly appears a uniform dirty white The separate 
seiJSJirons produced by the coropfemeniaiy colors when the top is still become blended 
m the rciina when the top is spinning since they are repeated in sudi rapid succes- 
sion (see afUTimage below) The reader may know by experience hov*tvcr that blue 
and yellow paints when mixed together do not give white— far from it they give a 
vivid green \ distinction however d ould be drawn between lights and paints A 
paint iias a certain color because it reflects a certain light and absorbs oihers Eteii 
the bluest paint is not pure blue il absorbs alt light but blue and a little green— 
these it rcHccts \ yellow paint is not pure yellow it reflects a little green with the 
yellow VVhen the two paints art mixed blue tight u absorbed by the yellow paint 
and yellow light is absorbtd by the blue So ncitlicr of these lights is reflected On the 
other hand green rays of which a little is reflected by each separate paint are doubly 
reflected when the two arc mixed If we could obtain an absolutely pure blue paint 
and mix it with a pure yellow rays of all colors would be absorb^ and the result 
would be not green but black 
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with red The shadous upon the snow in the yellow sunlig!u are not gray 
but blue. The artist, by stu(I)ing these effects and appl)ing them to his 
t\ork, gives fanlhance, Ide, and beauty to his printings He makes a )ellow 
flood of sunshine more dazzling bj painting blue into the shadows, which, 
in turn are given a depth and an appearance of realitj that gray alone 
could not give 

Table 15 1 shows the effects produced b) certain colors when the) are 
pheed side bj side (see also Pine Vld, H) 

TABIE 45 1 
CONTRAST EFFECTS 


/ Noncomplementar/ poirs of colors 


Red with orange 


Yellow with red 


Blue with green 


Violet with orange 


Red becomes tinged with greenish blue (the complemen 
tory oF oronge) and so inclines to purple, oronge be 
comes tinged with bluish gre^n (the complementary of 
red) and so inclines to yellow 

Yellow becomes tinged with green (complementary of red) 
and so inclines to green, red becomes tinged with blue 
and so inclines to purple 

Blue becomes tinged with red (complementory of green) and 
so inclines to violet, green becomes tinged with yellow 
and so inclines to ye!Iow>9reen 

Violet becomes more blue, orange becomes mere yellow 


It Complementory poiri of colors 


Red ond bluish green 
Orange and greenish blue 
Green and purple 
Violet and yellow-green 


Both colors become more brilliant 
Both col ors be come more brilliant 
Both co1ors_becomejnorg brilliont 
Both colors become more brilliant 


Gray becomes tinged with the complementory of any color placed beside it 


Simultaneous coninst mi) be readil) seen in Plate Vld, D and F 
ibe figures are looked it iJirough a tissue piper is it is moved 
slowly up and dovsn, the gri) area on the green ground takes on a 
faintly red tint (compIcmentar> of green), while the gra) area on tlie 
blue ground appears tinged with yellow (romplcmentary of blue) 

J/ the e>cs are directed to a red surface for a short time ind then to 
one coloretl m the complcmcnnr) green the green apjieirs brighter than 
It would have if the retina had not first been stimul ucd by red If these 
colors vsere viewed in reverse onicr — fint gtecn in<l then red — the retl 
would appear more bnllnnt than usurd Ibis effect is c^lcd succes.uie 
contrast, and can be shown for other pairs of complcmentar) colors Sue 
cessuc contrast is believed to be due to fatigue of the tones of one type 
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(for example ilie red responsuc) and as a consequence die apparendj 
more intense reaction of those sensime to the complementary color (that 
IS the green responsive) 

Afterimages If t\e look for a while at a bright object an electric 
light for example and then dose our ejes or direct them to a dark jur 
face an image of die lighted bulb appears before the ejes This is called 
a positive afterimage since it has the same appearance as the object seen 
with the eyes open Again if we look for a time at a light or a bright 
white object and then turn the eyes to a uhite surface such as a blank 
sheet of white paper a black image in the form of the light or of the 
object floats before the ejes Thu is a negative afterimage ^Vhen the light 
or object is colored the afterimage is m the complementary color of the 
original — blue if the original light was yellow red jf the ongiml was 
green and vice vena 

A positive afterimage IS due it ts believed to the persistence of nen 
ous impulses arising m the retinal cells after the original stimulus has 
been removed much in the same way as when the skm is struck sharply 
pain sensations continue to be felt for a short time afienv arils. A usual 
sensation is not instantaneous like an explosion but instead takes tunc 
to develop persists for a measurable lengdi of time and ilien fades aw*ay 
The sensation is more like the sinking of a bell with a hammer the 
metal continues to vibrate and give out sound for a time afterwards In 
motion pictures the effect of movement is as we know^ produced by a 
succession of views showing objects in dillerent positions. The rate at 
which these diiTerent views are shown must be carefully gauged If the 
intervals are too short the impression made by one view upon die rcima 
will not have subsided before the next ajipears Blurring is the result 
If the interval is loo long the effect produced by one view has ceased 
some time before the next scene appears Lack of smoothness and realism 
IS the result An example of a number of visual impressions overlapping 
IS seen in the effect produced by the spokes of a wheel revolving rapidly 
(Fig 45 4) The separate spokes follow one another so quicUy that the 
sensations become fused upon the rctim and the wheel appears solid. 

Fg 45 4 Ths black spokes of e 
wheel rcToIr ng ogo nsl a wh te 
borkgroKnd oppeor os a sol d gioy 
d sk owing fo Ihe fus on of ihe sen- 
Mt ons {block end wh te) vpen ihe 
rel no A d sk morked In oliemofe 
segments of d fferent colors would 
when rotofed olso cowie a fu**®'’ 
of Ihe sepofote color sensot ons. Thus red o«d blue would produce o purple ond red 
ond yellow on orange sensot on Complementary color pofrs would give a neor wh le 
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Negatl^e afterimages are beltc\ed to be caused b) fatigue of those 
receptors of the retina stimulated by the bnght light If the fatiguing 
light svas white then all tliree types of cone are fatigued and when t sec 
ond white image — the blank white surface — falls upon the retina there is 
no response from the receptors in the presiousl) stimulated area a scnsa 
tion of bhck resulting \\ hen the light is colored only the cones sensitne 
to that particular color are fatigued Tlie subsequent white stimulus 
(which ordinarily excites all three types of cone) therefore calls forth a 
response from the other two types of cone alone and an afterimage m the 
complementary colonppears (see Plate VW C) 



46 

The Physiology of Hearing 
and Equilibrium 


STRUaURE OF THE EAR 

The or{pn of fiennng consists of three distinct compart 
ments or regions each of wh cl» his its otvn speaal part to pU) in the 
mechmism of hearing These regions are termed the outer {externa}) 
middle and tnncr (tnlermf) ears (Fig 46 J) 

The outer (external) ear The outer ear consists of (1) the irregularly 
shaped but rouglily sent arcular shell of skin and cartilage projecting 
from the side of the heid called the pinna or auricle and (2) a short 
funnel shaped canal called the external auditory meatus The auditory 
meatus is somets hat tortuous and tunnels the bone of the skull it is lined 
With skin Its inner end is blind being closed by a thin membrane cov 
ered with delicate skin and known as the tympanic, or drum membrane 
This membnne forms a flexible partition between the outer and middle 
ears and forms a part of the outer waif of the fatter diaraber 

The m ddle ear or tymponom The middle ear lies on the inner side 
of the tympanic membrane It is a small diamber hollowed out of the 
temporal bone Its walls therefore are composed of bone except the 
outer one, whidi is pariiall) formeil by liie tympanic membrane. A 
chain of three miniature bones or ossicles is slung from the drum mem 
brane to the inner wall of die middle car The outermost oss cle is shaped 
like a hammer or club and is therefore called the malleus (Fig 'JO*’) 
the Latin word for hammer It is attached firmly by its handle to the 
drum membrane The middle bone looks something like a tiny bicuspid 
tooth It wis thought b) some to resemble an anvil and so was named 
the incus The innermost bone looks not unlike a stimip anil has there 
fore been named the stapes (L a sumip) The longest of die oss cles 
604 
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F g 44 2 The I v ng tympon e mem 
bfone Hum noted ond viewed through 

0 ipeeulum The depression Irs the re- 
g on of attachment of the handle of 
the malleus Is colled the umbo from 
whch a tr angular area of reflected 

1 ght (cone of I ght] is d reeled down 
ward ond tl ghtly forward Prom 
lienee of the handle of malleus s 

somewhat exaggerated 

called the stapedius, stretches from the wall of the tympanum to the 
stapes It presents Uie footplate of the stapes from being tlnsen too 
forcibly into the osal svindow 

A small tube — the auditory tube — runs from the middle ear to the 
back of the nose (Fig 46 I) By means of this passage air can pass into 
or out of the middle ear The importance of the auditory (Etulac/nan) 
tube ss til be explained later 

The mternol ear The internal ear contains the essential organ of 
hearing as ssell as the organ of bodily equilibrium It comprises a system 
of passages tunnelled in the petrous part of the temporal bone and knot ti 
as the bony labyrinth The latter houses a senes of membranous ducts 
and sacs called the membranous labyrinth The outer s\all of the internal 
ear forms the inner svaJl of the middle ear 

The bony labyrinth consists of three parts — the cochlea the vcsli 
bule and the jc;njeirc»/ar canals The codilea lodges the organ of hear 
mg It IS a spiral passage tint has received this name from its resemblance 
to the shell of the common snail (L cochlea a snail shell) It is a short 
conical structure with its apex directed fonvard and outward It makes 
2^ turns around a bony pillar called the modiolus (L hub of a wheel) 

A spiral ledge of bone is given off by the modiolus which projects into 
the cochlear passage and divides it incompletely into nvo The division 
is completed by the basilar membrane (see below), which extends from 


Long p oeess of 



Fig 44 3 The cochlea ond sem 
crculor conols In the r ghi bond 
f gure both hove been sect oned 
to show their Inter ors 
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the tip of the bon) ledge to the outer ^vall of the cochlea The spiral 
passages are called scalae from their fancied resemblance to spiral stair 
case (pi of L. scn/fl a staircase) The upper is knoun as thescala scstibuli 
(because it opens into the sestibule) and the lm>er one ns the scala t)Tn- 
pani (because its lot\er end is closed by the membrnne of the round 
sMiulou that separates it from the middle eir) The luo scahe communi 
cate at the apex of the coclilea by an aperture called the hehentrema (Ck 
helix, z spirzil + trema a hole) * 

The scstibule is an oval chamber occup)ing the central part of the 
bony lab)nnih It is in communication in front with the scala vestibuli 
of the coclilea behind with the three semiarcular canals and through 
the fenestra vestibuli in its outer wall 
(see middle ear above) , with the t)m 
panum It contains the utricle and 
saccule of the membranous labjnnth 

The semicircular canals are three 
crescentic passages that house the 
semicircular ducts (p 61G) of the 
membranous lab)rinth Doth ends of 
each canal communicite with the 
vestibule as shown in Figure 46 1 

The membranous labyrinth is 
considerably smaller than the bony 
labynnth that it occupies It com 
prises the cochlear duet which serves 
the auditory function the icmicircw 
lar ducts and the utricle, which con 
siitute the organs of equilibrium and 
orientation of the body in space and 
the sacaile These nonaudiior) parts 
of the membranous labjrinth with their functions are described later 
in the chapter 

The cochlear duct is a spiral membranous tube that follows the turns 
of the cochlea It occupies a position between the scala vestibuli and the 
scala t)mpani (Fig 46 5) and for this reason is someiimes called by its 
older name the scala media A membranous parimon the vestibular 
membrane separates it from the scala vestibuli, while the basilar mem- 
brane, whidi forms its floor, divides it from the scala i)anpam The 
basilar membrane carries the spiral organ or organ of Com which con 
tains the auditory receptors These cells bear fine hairhke processes and 
are therefore usually referred to as hair cells Overlying the sensitive 
hairs IS a very delicate membrane — a mere wisp of tissue — that is fastened 

I In this account the mtial pratiice has bc«» falk>w«l of desenbing the cochlea not 
in iu true poution {on its side) but a.i (hough resting on its base 



F g 46 4 A vert col section through the 
cochleo showing the three canals or 
s>o nra/s d agrommot C. 
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Fg 46 5 a v ew «f ih« oiteovt cochlea d v ded iKrooeh the m ddle TAlfer 

Arnold) I scolg vest bull 2 scolo tytnponl 3 mod slut show ng tunnels tranimting 
branches of eudtary rterre Sefow entoiged tVetch ef one turn e( the cochlea lAfter 
Quo nj SV seato vest bul SM. (scolo medo) cochleor duct $.T scale tyrnponj 
o Re ssner's membrane] b bos lor memb one c orgon of Cort d oudtary nerve 

by one end but like a tag of scauced cbnjunp to i rork bn its ntber 
end free lo inosc mill c\cr) moccnicnt or \tbniioii of ihe fluid m t\liich 
itfloais It 15 called the roof, or tectorial intmbrinc 

TJie jntcrmJ cir is supplied b) ibc eighth rercbrnl or oi ihSory 
iicrsc It consists of ls>o dtsisiom llic cochlear (the ntrsc of hearing) 



To id-d Microscop e oppeoronee of the orgon of Corii 
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Fig i6 7 Diagram of the posiagei of the cochlea unwound end strolghtened 
out to ihow how the vibrot oni (orrowi) ora tronsm fted from the fenettra 
vest bull ocross the bosltor membrane to the fenestra cochlea 

and the vestibular (the nene sernng the sense of equilibrium) The 
cochlear ner\e enters the base of the modiolus and ascending breaks up 
into Rne branches that pass at different levels into ilie basilar membrane 
Each hair cell receives a nerve filament 

It IS somewhat difHcuIt to visualize the complicated structure of the 
internal ear with its three spiral $ 1311 ^ 0 )$ and the manner m whicli 
these communicate through the oval and round windows with the middle 
ear For the sake of simpheu) the three comjiartmcnts ma> be ns it were 
unwound and shown in a straight line side b) side as drawn diagram 
maiically in Figure 40 7 

THE SENSE OF HEARING 

The structure of the car — outer middle and inner — having been 
sketclied vie nre in a position to understand how sound waves sent out 
b) a vnbraiuig bod) and reaching the ear througli the air aie converted 
into those sensations tint wc knovs and speak of ns music noise and 
sounds of various kinds 

A fev\ words must first be said concerning the phvsical nature of 
sound Ever) sound we hear is due to waves of air beiting ujwn our cars 
1 he t)pe of sound — its pitch its loudness or its softness its sweetness or 
Its harshness — depends upon the frequency si^ and form of the nir 
vaves Sound waves arc transmitted through the air at a speed of about 
1 100 feel per second As comparal vsith the sjjccd of light tins of course 
IS but a snail s pace Tliat is wh) we sec the pull of a steam whistle a mile 
awa) long before we hear It The waves of sound however ma) belong 
nnil only a few im) reach the car dunng each second Or they may be 
very short and then thousands mav stnke the ear m a second When 
the wives ire long iiul at a ntc of only a few per second wc hear a deep 
booming or rumbling sound When the waves ire smiller and beii in 
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tiown ihe funnel shaped auditor) meatus The pinn i is set so tint it looks 
1 little fonvaid to catch sound ivases coming from the front But man 
cannot turn his ears in the direction of a sound without turning his head 
as well Animals howeser ha\e special muscles that move the ears ^Ve 
have 'll! seen dogs and horses prick up then cars and turn them to 
catch the sound waves coming from a certain direction Though man has 
similar muscles they are weak relics and of no use for this purpose 

The sound waves reaclung the bottom of the 'imhiory meatus set the 
drum membrane into vibiaiion The membrane beats in time with the 
air waves The vibrations are carried across ibe middle car by the chain 
of small bones to the oval window m the bony partition separating the 
middle and inner ears W e have seen that the foot plate of the stapes fits 
into the oval window Thisvvindow in turn communicates with the fluid 
in the cochlea Thus the vibrations of the tympanic membrane are trans 
mitted to the inner ear where the receptors of hearing are situated The 
three ossicles of the middle ear of man and liigher animals are joined 
together in such a w ly that they act as a lever that magnifies the move- 
ments of the drum membrane and thus inaeases tlie force exerted upon 
the footplate of the stapes in the oval window Furcliermore since the 
area of the tympanic membrane is much greater than that of the oval 
window the force of the sound waves is concentraietl at the latter point 

As we have already noted the scala vestibuh is separated from the 
cochlear duct by a tliin membranous partition It is eisy then to under 
stand that vibrations set up in the fluid of the scab vestibuh wilt be 
transmuted to the cochlear duct and thence to the scala tympani (Fig 
46 7) It follows therefore tliat the basilar membrane wliicli forms the 
partition between the cochlear duct and scala lympani will vibrate in 
unison with the tympanic membrane The hair cells of the organ of 
Coni lying upon the basilar membrane will be driven swiftly with each 
double vibration against the tectorial mcinbune winch floats above 
them Thus a senes nf taps are applied to the processes of the hair cells 
which sene as mechanic il stimuli to the tcniiinals of the acoustic nerve * 
Nenc impulses are in this way iransmmctl to tlie center for heiring in 
the conex 

The round window of the tn ddle eor The round wmdovv which lies 
in the bony partition between the inner and middle chambers of the car 
IS closed by a linn flexible membrane which alone separates the scala 
tympani of the cochlea from the middle ear The window vvith its mem 
branous covering is for the purpose of allowing the fluid in the scala 
tympani to make an outward movement when the foot plate of the stapes 

* It may br a* some bcl eve it at li r ha rs of the hair cells are not scparain! from 
il e roof 1 1 ml rane but are act wlU altichc I to it If th s is so a succession of pulls 
upon the hairs rather than a scries of taps provides iJ e st niulus when the basilar 
in< I il rai c vihnilrs up and down 
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mo\es imxard, and an inu-ard mot-cmenc wlien the loot plate motes out 
t\-ard Fluids, as we all Inoxv, cannot be comprcsseil, Uierefore, if there 
were no round window, the foot plate of the stapes could not make am 
motement. nor could an) motemcm be transmittetl to the Quid within 
the cochlea The fluid would be bottletl up in un)neldm^ bone, and the 
sensitise hair cells immersed m it could not be moved by any force ap- 
plied to the stapes If a bottle is filled to its mouth with water, u is a fore- 
gone conclusion that the cork cannot be inserted If, however, the bottom 
of the bottle v\ere bored through and the opening coveretl with a rubber 
membrane, the cork could be slipped in without difficulty 

The function cf the auditory lube The auditory tube as stated earlier, 
runs from the back of the nose (nasopharynv) to the middle ear It there 
fore permits this pan of the car to communicate with the outside air 
Bv tins means the pressure of air on the two sides of the drum raembnine 
IS equalized It must be rcmemberetl that the air around us has a great 
vveight (Ch 20) It presses upon every square foot of our bodies with a 
weight of 1 ton If the. pressure m the middle ear were not as great as the 
pressure of the atmosphere the drum membrane would be pushed m 
and could not move freelv in and out when sound waves struck iL It 
would be pushed in toward the cavitv of the middle ear and be as ngid 
as -a Eioard and not sensitive to rapid vibrations In sailing for example, 
the sail 15 sttil and rigid vvhen the vviml is on our beam hen the boat is 
headed into the wind, however, the sail flaps to and fro since the pressure 
on Its tw*D sides is practically equal Probably all of us at one time or 
another have known the slight deafness that accompanies a cold m the 
head This is caused by the Eustachian tube becoming blocked bv the 
svvelling of the mucous membrane around its lower opening (in the naso- 
pharynx) The air within the middle cliamber of Uie ear becomes par 
lially absorbed into the blood and the slightly greater pressure of the 
atmosphere then upon its outer surface prevents the drum membrane 
from moving freely Blowing the nose or swallowing, by momenianly 
forang air up the tube, will often restore the heanng.'for a time at any 
rate, to its usual acuteness It is not a wise practice, hovvever, to open 
the tube by blowing the nose when it is closed as the result of a cold 
Infection may be forced into the middle ear and cause innammatlon, 
w ith earache and perhaps worse consequences. 

The tube is not always ojicn, but only during swallowing This is 
suffiaent to keep the air pressures equal If it were open all the time 
one s own voice would send sound waves up to the middle ear and cause 
an unnecessanly loud noise. 

In rapid airplane descents from a high altitude, equalization of 
pressure between the middle ear and the atmosphere may not occur 
promptly enough If the audilorv tube docs not open as Uie descent is 
made, the air pressure in ilie middle ear remains at that of the high ah* 
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tilde Mhile the atmospheric pressure on the outer side of the t)-mj)imc 
membrane increases rapidly The membrane is forced iin\ird and may 
rupture In order to atoid this accident the auditory tube is ojiencil by 
sw-allow mg a number of times in quick succession 

The three characteristics of sound The cir can distinguish beiueen 
the quahly and niletutty of di/Fcrent sounds (Sec also p GIO) 

Pitch Little more nceil be said regarding pitch it depends upon the 
vibrntion frequency — the greater the frequency the higher the pitch \\e 
speak of a loiv or a high note of the bass or treble of the piano or of a 
bass or soprano aoice meaning that the sounds arc of lou or high jiitcii 
The greater the number of i\a\es per second tlie shorter of course they 
must be (Fig 46 9/1) 

Qufl/jly or timbre This characteristic is uhat distinguishes Inish 
sounds or noises from musical notes and the tones of diflcrent instru 
ments from one another Tlie tone of a tiohn for example is quite dif 
ferent from the tone of a bugle a piano or a flute The quality of a 
sound is not due to the frequency of the vibrations but to the form of 
the sound i\a\es Sounds of thesame Mbration frequency — that is of the 
same pitch— -may differ greatly in quality The form of the sound uases 
depends m turn upon the number and diaracter of the simple harmonic 
r'Q^es of t\hich It IS composed (Fig 469C) 

Intensity or hudnesf The loudness of a sound depends upon the 
amplUude of the sound uares (Fig 40 9B) The firing of a cannon causes 
a great commotion in the atmosphere Iiugc isaics tra\el out from the 
point of the explosion to strike the drum membrane We hear a loud 
report A pm dropping upon the floor gently rufUcs the air ^\lth tiny 
ripples The \ery large nases udl of course strike the air tMih greater 
force cause the drum membrane to be forced in and out Molenily and 
indeed may rupture it The stapes is puslied in and out of the o\aI 
window more energetically The stimulation of the hair cells is consc 
quemly more intense with a loud than avith a soft sound and the fic 
queiicy of the impulses is higher 

How the ear cfistingi/ shes differences In ptch Lien animals cm tcIJ a 
high pitched from a fou pitched lone The hum in ear is icry sensiaic 
to differences in pitch A person with a good ear can \cry accurately 
distinguish benveen two tones differing from each other by only one 
double sibration per second that is if 100 double Mbralions strike the 
ear per second the tone is perccisctl as lictng lower m pitch than one 
in which the \ibrat ions are 101 per second 

At least two theories base been projmsctl to explain the piich 
discriminating faculty of the auditory mecliamsm According to one 
theory the basilar membrane is set into vibration as a whole by ilie sound 
waxes transmitted to it from the tsanpanic membrane through the ossicles 
of the middle ear and the fluid of the internal car Sound waics of say 
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10 000 double Mbrauons per second thus induce vibrations o£ the same 
frequency in the basilar membrane and cause a corresponding number 
of taps or pulls upon the processes of the hair cells Ten Uiousand im 
pulses per second i\ouId therefore be discharged along each fiber of tlie 
acoustic nene Impulses of this frequency would be interpreted by the 
brain in such a w ay as to gi\ e a sound sensation of a gn en pitch A sound 
of say 5000 double vibrations per second would be interpreted as one 
of lower pitch This is known as the telephone theory because like the 
operation of the telephone sound waves striking the drum membrane 
and conveyed to the basilar membrane (corresponding to the telephone 
transmitter) set up nerve impulses (electrical impulses m the telephone 
wire) of exactly the same frequenq and transmit them to the brain (the 
telephone receiver) 

This theory though it has theadianiage of simplicity can no longer 
be entertained for it has been shown without question that a fiber of 
tlie acoustic nerve cannot transmit impulses at the high frequency that 
would be required for the appreciation of high piidied sounds The upper 
limit of frequency of impulses that a nene fiber can transmit is about 
1000 per second (seeCh 35) 

The theory that explains the known facts most satisfactorily ts 
founded upon the prinaple of sympathetic resonance It is known as the 
harp resonance or place theory Tins theory which vws advanced by 
Helmholtz the great German physiost and physiologist of the I9th cen 
tury has been amply supported by modem experimental work The 
point that it emphasizes is that the basilar membrane does not vibrate 
as a whole but only at one part in response to a given sound frequency 
That part of the membrane alone vibrates that is in sympathy or in 
tune With the sound 

The essential part of this theory will be made clearer by an example. 
If dose to a stringed instrument such as a harp or a piano a note is 
sounded upon a bugle bell or any other sounding body that pariiculir 
string of the harp or piano is set into vibration that if it were plucked 
or struck would itself give out the same note The instrumeni gives out 
a faint sound apparently of ns own accord in perfect tune with the 
bugles note In other words the sound waves from the bugle pick out 
and set vibrating only that string of the harp or piano that can produce 
sound waves of the same frequency This is a simple example of sym 
pathetic resonance 

Now the spirally twisted nbbonlike basilar membrane contains a 
great number of fine cross fibers These like the strings of a piano or a 
harp are of graded lengths and probably also of graded thicknesses and 
tensions The numbers of fibers are. however much greater than the 
number of strings m a piano or in am other stringed instrument There 
are about 24 000 fibers The lon^ fibers which may be compared to the 
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bass sinngs of the piano lie near the top of the spiral the shorter treble 
fibers are found at the boiiom When the basilar membrane is removed 
from Its position uncoiled and laid flat it is found to be only about 
IJ^ inches long It is incli uidcat its narrow end but nearly double 
this width at its broad end Hence if we consider the 24 000 fibers that 
stretdt across it as strings then we have a tiny piano or harphke instru 
ment, which may vibrate and show sympathetic resonance (Fig 46 10) 

fnTTTTTTTTT tllhnillliill ' II II IMI I IIMT lhllinilllllllltliri 

Fg 46 10 The bos tar membrane The cron Inei indcota the fbers of 
wh ch there are some 20 000 The narrow port of the membrane is at the 
base the wide end ot the top of the cochlea 

We can now see how a note of a certain pitch will set not all the 
fibers of the membrane into vibration but only those that can vibrate 
at the same or nearly the same rate as the vibrating body that gave rise 
to the note The vibrations of these particular fibers stimulate the hair 
cells immediately overlying them and no others Impulses travel along 
the nerve twigs with which the cells are supplied to reach certain cells 
m the brain 

Tints we may conceive that the nerve fibers composing the acoustic 
nerve and arising in the halt cells m one or another part of the basilar 
membrane transmit impulses to nerve ceils m a corresponding and defi 
nite part of the cortex of the temporal lobe The situation in the cortex 
of the cells receiving these impulses is Uie basis upon whidv the pitch of a 
sound is appreciated In the last analysts therefore piidi perception 
like any other sensation is a matter of where in the brain the impulses 
arrive (Ch 33) The basilar membrane through its resonating property 
serves to localize the vibrations to hair cells at a certain place and to 
direct impulses to a hmiteil region of the cerebral cortex This v icu of the 
perception of pitch therefore is also known as the place theory 

The following obsenaitions confirm our belief that this theory truly 
explains the way in which the ear distinguishes between notes of differ 
ent pilch (1) Boilermakers wlio have for long periods been ex[>osctl 
to the clang of high pitched noises sometimes become quite deal to high 
tones Lower tones are heard clearly Examination of the inner cars <t 
men suffering from this form of deafness has shown that the fibers of 
the basilar membrane at the base of the cochlea — that is the short treble 
fibers — have been destroyed (2) Destruction of these fibers has also been 
caused by experiments upon animals in vvhidi they hava: been forced to 
listen for a long lime to loud shrill noises 

To solve the mystery of the mental process whereby an impulse 
arriving m the brain from the upper part of the codilea gives the sensa 
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called the ampulla A ridge of connecme tissue the crisn, projects from 
the wall of each ampulla well into lU cavity Eadi crista is covered by 
sensitive liatr cells, surmounted by a gelaunous capping called the cupula, 
in which the hairlike processes of the sensitive cells are embedded (Fig 
•IG 11) The fibers of the vestibular nerve ramify within the cnsiae and 
send fine twigs into the hair cells Both ends of the ducts cominimiciie 
With the utricle, the nmpullary ends opening individual!) Of tlie oppo 
sue ends tint of one duct opens into the utricle separately but those 
of the other two do so by a common stem (Fig 40 1 1) 



Rg 4611 Drowing on the left jhowj cnila and cupula (or cupola)*) the semcrculor 
ducts utr cfe ond cochleo ore shown on the right 

The membranous labyrinth is filled with a fluid called cndolympli, 
and is surroundetl by a similar fluid known as pcnlvmph wliicli occupies 
the space between it and the walls of the lA>ny Jibryrintli (See ilso 
p GOG) 

runcltons of the semiarcular ducts The receptors of the semicir 
cuhr <lucts are stimuhteil by a quick rotary movement of the body is 
a Vs hole or by a sudden turn of the head alone, Eacli duct is stimulated 

♦ 71 Otigh cupula (L 3 fiib) u the nK>rr Bwal won) in Vroenra cupola (L. 3 vtiuU 
or <loi itr) IS more accurately tlcscripUvc and ihcrctorc niorc conect 
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Rg 46 JJ The mefn* 
branout lobyrinlh with* 
In the bony canofs. 




most Strongly s\hen the rotary motion 
or the quid, turn of the head is in the 
same phne as that of the duct itself 
Thus, rotation around a serticn! axis as 
tthen a billet dancer spins upon her toe 
(that IS. pirouettes) stimulates most ef 
fcctisdy the horizontal duct The rotary 
motion causes the cndol}mph otving to 
us inertia, to lag behind the mosenicnt 
of the ivall of the duct The cndol)tn|>h 
thus presses upon and bends the sens! 
(ne hair cells, uhidi results in a dn 
c/iaigc of impulses along the fibers of 
the icsiibular nerve When the roiar) 
movement ceases, the endol)inph con 
tinucs to move (oiving now to its mo- 
mentum) along the stationary duct in 
the same direction as it did during rota 
fioij Tins bends the hair cells tn a 


Ftg 4613 D agrom to thaw fhe 
d tterenl plorn of the aemic rculor 
duets in relot on is the head The 
canols ore at nght angles to one 
another and in this are comparable 
to the arm seot and bock of o 
choir 


direction opposite to that at the begin 
ning of the rotary movement The brain 
imerprcts this m the usual vsa), ind is 
deceived, with the result that the stib 
ject has a sensation, though stinding 
suit of being spun in the opj>o$ite dirn- 
lion It IS only for a few seconds afier 


(he commencement of the rotation and hr about the same time 


after the movement has ceaseil that any sensation of rotation is cxjicri 
enceil because the inertia of the cndolyniph is overcome soon after ihc 




moii'ement has started, the endolymph mo\es SMth the duct, and the 
hair cells, therefore, come back to their previous resting position Rota 
uon prolonged bejond the first few seconds, if perfectly smooth arouses 
no sensation * 

As a result of stimulation of the receptors of the dncts by a rotary 
motion, reflexes are initiated that cause appropriate movements of the 
neck and limbs to maintain the body in proper balance (Fig 46 1 1) 
When the ducts are destro)ed or disease! giddiness and disturbances of 
equilibrium occur The brain has lost an imporiant source of mfonna 
tion with respect to the relation of the body to its surroundings 

The utricle The utricle contains minute calcareous bodies called 
otoliths which rest upon and are attached to sensitive hair cells The 
latter are stimulated when the head is m such a position that the otoliihs 
owing to their weight, pull upon them The hur cells and otoliths of 
the utricle are therefore gravity receptors, whereas ilie sensitive cells of 
the semicirailar duas are rotary receptors The receptors of the utricle 
cause v%hen stimulated reflex muscular movements that enable an am 
nial to bring its head and botly into the normal upright position v\hen 
placed upon its back or in any oiher abnormal povuiOn These arc callctl 
rig/iiing reffexes If, for example, a kitten is held a few feet aboie the 
ground with us back downvsard and allowed to fill through the air it 
turns in a flash to the back upward position and lands in perfect bihnce 
upon Us feet (Fig 46 16) Seasickness and other forms of motion sick 
ness are caused by repeated and unusual stimulation of ihe receptors of 
the utricle and not as vvas previously thought of the receptors of the 
semicircular duas The receptors of the utricle also respond to move 

* Though quick turn* of the head a*e of very common occurrci cr mnimuous rola 
won Is a most iinm lal motion under ordinary and natural amimstancrt. Tie botly 
has tl enrf ire not needed to develop any spcaal mean* of tceording ii 
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Fig 4616 Successive pos f ons token by a 

cot in foiling from a height 


ments in a straight line, fonvards 
or back%rards, laterally and possibly 
up or down, as in the ascent or de- 
scent of an elesator These mo\e- 
mcnts ssould tend to exert a pull 
upon die otoliths 

The saccule The saccule is a 
mucli smaller sac than the utricle 
Its functions are uncertain it may 
also be concerned with the mainie- 
mnce of eguilibruim But some be 
liese that its function is auditory, 
and enables one to appreaate the 
sound of ones oun \oice tlirough 
the bones of the skull It commtmi 
cnies through two narrow ducts uith 
both the utricle and the cochlea 
The membranous labyrinth is thus 
a continuous senes of fluid fllled 
diambers and passages 



47 

The Senses of Smell and 
Taste. Cutaneous Sensations 


Taste and smell are alike in that they are both chemical 
senses that is the stimulus that excites the recejnors of taste and tliose 
of smell IS a chemical one and it is upon the chemical nature of a mate 
rial that its chancienstic smell or taste depends Snlt has a different tnsie 
from sugar because tliese two substances are essentiall) different chemi 
tally The perfume of the rose is distinguished from ilie smell of the 
Molet because as the chemist knows the e^ences fiom which these scents 
arise are not the same chemically Tlie sense of smell howeser is ajipnr 
ently different from the sense of taste for we can smell a substance with 
out bringing it in contact with the interior of the nose — we can smell a 
thing at a distance.* In this r^rd the sense of smell and the senses of 
sight and hearing are similar To taste a nniern! on the other hand the 
sense organs of taste must be stirauhted more directly We must place 
the material in the mouth In this respect the sense of taste and the sense 
of loucli are alike 


THE SENSE OF SMEU— THE OLFACTORY SENSE 

The sense of smell is almost incretlibl) acute in some animals but 
IS nidimentarj in man It is said howeaer that certain iribcs of South 
American Indians are aided b) the sense «f smell m tracking game There 
are also instances on record of persons who deprned of ilie sense of 
sight Imc so deseloped the olfactory sense that they can rccognire tlieir 
actjuaintances bj smell alone 

An odorous maienal is continually throwing off particles of its sub- 

* Til s ts I ot an esscniial «! fTcrmcr for In onfer for a sufutai cc (o {>«; *n rff -tl mnJc* 
Cl 1 -8 or fnt particles of U m rt come inlo acli Jl cm uci with the < IfjctotN rreq i rs 

r>ji 
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stance — molecules — to be carried lo our noses. The molecules are rcla- 
tuely so sparse and widely sejurated that they are really the substance 
in gaseous form Some materials, such as ether, gasoline, and turpentine, 
sshicJt throw off large numbers of molecules in a short time and, as ue 
say, evaporate quickly or gise off fumes, base a very strong smell. Other 
materials, such as the common metals, which do not cast their particles 
about so freely, hate little or no odor, unless heated to a high tempera- 
ture Though the proportion of its substance that it gists off may be 
almost inrinitcsimal, a material, ncs'crthcless, may base a scry poi\crfuI 
odor. A small piece of musk, for instance, svill show no cliange in its sire 
or weight after a period of seseral years, though it has throughout the 
svhole time permeated a large room with its scent. 

Odor relationships. There appears to be some relationship between 
the colors of flossers and their smells Generally speaking, white flowers 
are more strongly scentetl than colored ones Of colored flosters, red arc 
more likely to be highly perfumed than yellow saricties, and yellow* 
flowers are usually more odorous than blue. Though smell is a chemical 
sense, the smell of a material and its diemical nature do not necessarily 
go hand m hand, for substances that differ greatly in their chemical com- 
position may hate \ery similar odors For example, some compounds of 
anenic smell like garlic: nicrobentene and prussic acid, iliough chemi- 
cally quite different, base similar odors. Yet, with certain substanca. 
some relationshq) between smell and chemical nature appears to exist, 
their odors increasing in strength with their molecular weights. For exam- 
ple, propyl alcoliol is faintly odorous: ethyl or grain alcoliol, which has 
a higher molecular weight, has a distinct odor; and the smell becomes 
increasingly more powerful with each alcohol higher in the scale. Again, 
formic add is inodorous; acetic add has the diaractcrisiic odor of ^in^ 
gar; butyxic is more powerful smelling; and valerianic is very offensive. 



Rg 47 t. Th# Inner wrfoce of 
the ovier wall of the noie I, 
upper turbinate bone; il, mtddle 
turbinate bone, ill, lower turbi- 
nate bone The olfactory oreo 
lies above the upper turblnote 
The arrow! Indicate the courie 
taken by the oir In breoihlnp 
The area of mueow obove the 
upper turblnote contain* the 
receptor* of tmelL 
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How we smell The nasal raucous membrane is raised into three ritlqes 
or humraocks by three small bones (conclne) that spring from the outer 
svall of the nose They divide each half of the nose mcompletel) into 
four chambers or passages placed one above the other and running from 
front to back (Fig 47 1) The inspired air flov s through the lotver three 
passages but not through the upper 
most one which lies beneath the floor 
of the skull The sense organs of smell 
are situated m the mucous membrane 
(olfactory mucous membrane) of this 
upper passage. Substances in order that 
they may stimulate the sensitive cells 
in this chamber must be carried there 
in a gaseous form mixed with die m 
spired air Since the uppermost chara 
bere of the nose are as it were blind 
allejs or pockets through which the 
mam air currents do not pass theques 
tion arises as to how the odorous gases 
reach the sensitive cells Expenments 
have shown that they are carried up- 
ward by eddies from the lov er air 
currents ^Ve have all nouced the air 
nirrents nsmg from a radiator or ^9 ^ »*cfon of iht mueojo 

wherever cold and warm air meet clfooory er« of the ao« 

Similar air movements occur m the ^ »eru t ve teiu (recepio » of smell) 

, , , , , .8 sopporl ng cells C nerve Tber* 

nose when the cold outside air meets 

the wanner air within the nasal passages These iipv aril moving currents 
carry the molecules of die odorous substances to the oljactojy cells (see 
belov ) In order to smell more acutely v\e purjxisely take a short breath 
or sni/f which dnius in colder air and increases the number and force 


of the ascending currents 

Some individuals are incapable of smelling certain scents Prussic 
acid employed to kill vermin though it has a strong odor of almonds 
to a person with a normal sense of smell r$ inodorous to a few oil ers 
For this reason deaths occasionally result from breathing this highly jwi 
sonous gas since those who cannot smell it may enter a room containing 
It in dangerous concentration and be quite unaware of its presence. The 
olfactory receptors after a short time b^mc as a rule insensitive to any 
particular smell though they remain quite sensitive to any oilier odor 

The olfactory cells— receptors of smell The olfactory cells are clongatwl 
cells with plump rounded nuclei embedded in the mucous membrane 
of the uppermost passage of the nose Each cell possesses a long thread of 
protoplasm that passes outward to the mucous membrane From the 
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oiliCT end o{ ihe cell a delicate ner\e fiber proceeds uptsard and pass- 
ing through minute holes m the floor of the shull (cribriform plate of 
ethmoid) , ends in the brain (olfaciorj lobe) (Figs 47 1 47 2) The sensi 
me cells are supported b) other cells that surround them These iiasc 
tufts of minute hairs (ciha), tvhtch project from the mucosa 


THE SENSE OF TASTE 

In order for a substance to be tasted it must first be dissohed If a 
solid material is placed in a perfectly dry mouth tt cannot he tasted 
In ordinary arcumstances the salira dissolves materials taken into the 
mouth as food and arouses the sense of taste 

The organs of taste The oi^ns of taste are carried chiefly upon the 
tongue though the mucous membranes of ihe soft palate, the tonsils and 
the epiglottis also contain a few If the reader examines the surface of 
his tongue m a mirror he will see tmy projections that give n an appear 
ance resembling the pile of plush These 
projections, called papillae (Plate IVc), 
are absent from the undersurface of tlie 
longue. Farther back on the upper sur 
face of the tongue the projections be- 
come much larger, and eadi is sur 
rounded by a groove and outside the 
groovebyandge giving Uie resemblance 
of a little squat tower surrounded by a 
moat and a wall Embedded here and 
there is the covcnng (epithelium) of 
both the small papillae at the tip and 
the larger ones toward the back of the 
tongue are small collections of slender 
cells packed side by side in bundles. 
These are the sensitive cells of taste, and die oval bundles they compose 
are called the taste buds (Fig 47 3) Each cell is supplied with fine 
branches of the nerves of taste (chorda tympani and glossopharyngeal) 
The taste bud opens upon the surface of the papillae by a tmy pore and 
all Its cells coming together here end in a number of fine Iiairlike pro- 
jections Substances in solution enter these pores of the taste buds and 
stimulate the hairhkc ends of the cells within 

The fundamenfal sensations of losfe There are only four fundamental 
taste sensations — sv»eet, bitter, sour, and salty The various other tastes 
that we expenence are due to a blending of these four in different pro- 
portions and also to their combination with other sensations m the 
mouth besides those of taste proper For instance, pepper and ginger are 
recogmred more by the burning sensation that they arouse than bv their 



Fig 47 3 A taste bud from the »ur 
foce of Ibe tongue A nerve fibers 
from toste receptors B toste pore 
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actual nsies They evciie other nenes m ihe mouth besides those of 
nste Oils are unpleasant to a large extent because of their feel Acids aie 
asiniigeni and soda uater nips AlL^lis base a bitter 5on|i) taste Some 
of the finer flisors are tn reality sensations of smell The back of the 
nose communicates ^ ith the motiUi and as we eat or drink aromas 
ascend to stimulate the olfnclory cells For that reason when the nose is 
held or the mucous membrane of the nose is inflanied is b) iii ordin ir) 
cold the sense of taste is blunietl In certain fish the outer surface of the 
bodj js furnished with taste organs In die catfish forevample longfiioc 
esscs containing taste buds are found upon the head and back and near 
the tail 

The fundamental taste sensations are not aroused equally ssel! o\cr 
all regions of the tongues surface it eet substances for instance are 
tasted best by the tip and front part of the longue The small boy licking 
a stick of candj demonstrates this fact Sally tastes aie also best pcrcenctl 
bj the up whereas the sides of the tongue are more sensitise to sour tastes 
Bitterness is tasted most strongly at the back of the tongue and in t/ie 
throat A bittersweet substance tastes sweet \ hen first taken into the 
mouth the bitter element being most noticeable after the substance Ins 
passed o\er the back of the tongue and has been swallowed The central 
area of the tongue is scarcely at ah sensitive to taste 

CUTANEOUS SENSATIONS 

The sensitions that can be aroused by stimulating the skin are five 
in number — namel) touch pressure pam heat and cold Touch may 
be defined as the sensation ehcitctl bj iightJj brushing the skin with a 
Wisp of cotton wool or b) pressing a stilf hair aeriically upon the skin 
The sensiciticy to coitcJi of a furticular cutaneous area is tested by using 
hairs of graded thicknesses (son Frex s hairs) and finding ll e one that 
arouses a sensation when applicil a>iih just sufiicient pressure to bciul it 

If a more rigid object such as a matdislick is pressed against the 
skin the sensation arousctl ts one of pressure. Pressarc though iisiiiJJy 
da&sciJ as a cwxaneons sensatjon and often confused with touch is in 
realit) due to the stimulation of receptors (Pacinian corpuscles) situ 
atctl m the subaitaneous tissues These sense organs are also found m 
other parts for example in the periosteum bencaiJj tendons, and in the 
mesentery If the ngid object is pressctl still more firm!) into the skm 
or if the skin is pricked with a sharp iKnnied instrument sudi as a pm 
pain IS experienced 

The cutaneous sense receptors. Tlie sensations of touch pressure heat 
and cold are each dependent upon a sjiccial type of sense organ in \ Inch 
the none fiber terminates after losing its neurilemma and mychn sheath 
The sensation of pain on the oilier hand is transmuted by fibers that 
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Fg 47 4 The receptors of the s\tn A bore nerve fber (or po n surrouncTng the root 
of a ho r B po n fber (n the cornea of the eye s m (or fibers are found in the deeper 
layer of the skjn C receptor fPoe n s corpuscle) tbot responds to pressure D receptor 
for I ght touch (Me tsner's corpuscle) i cold receptor (of Krause) 


terminate as bare axis qhntlen That is the nerve fiber mediating pain 
loses Its neurilemma and cn^elm sheath but does not end in a structure 
of special design The receptors of toucli pressure and temperature 
respond each to one type of stimulus but Uie nerve endings giving rise 
to pain respond also to any other i)pe of stimulation — mecliantcal ther 
mal electrical or chemical — provided it is intense enough Thus the 
sensation of pain is protective in function serving to signal a threat of 
injury to the bodj The several l)pes of cutaneous receptor are shown 
in Figure 47 4 

The local zotion of cutaneous sensatons The different tjpes of cutane* 
ous sense organ are separated from one another bj measurable distances 
B) appl>ing the appropriate stimulus to points upon the skin the posi 
tions of the receptors can be determined The small cutaneous areas 
mapped out m this way are referred to as spots Thus when the sensi 
tuity of the skin to touch is investigated with a von Frev hair the sensa 
tion IS elicited only from certain points these are called toucIi spots, 
while those which respond to heat or cold or to pain are called respec 
tnely hot cold and pain spots The touch spots are most numerous over 
the ups of the fingers and in the mucous membrane of the up of the 
tongue In cutaneous regions covered with hair — that is almost the enure 
skin surface except the palms of the hands and the soles of the feet— the 
touch spots he on the windward side of the hairs (the hairs slant m 
one or another direction like grass bent by a breeze) For tins reason 
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light contact niih the hair tips causes a sensation of touch Tlie hair 
tthen moved acting as a liny lever transmits the movement to the skin 
at Its base thus the touch end organ is stimulated Pain fibers form a 
rich network in the skin they abo ramify within the hair sockets around 
the hair roots 

The localization of cutaneous sensations is effected with remarkable 
accuracy The localization of touch is tested b) bringing a wisp of cotton 
wool or a von Frey hair in contact with the skin while the subject s eyes 
are closed and then asking him to place a finger upon the spot touched 
Pam and pressure are also very accurately localiz^ but the sensations 
aroused by beat and cold are more diffuse Cutaneous localization is an 
acquired faculty being developed through an association previously 
established in the brain between the point upon the skin and the mus 
cular movement required to toucit a In other words it is based upon 
memories of muscular movements resulting from conditioned responses 
to cutaneous stimuli 

Aristotle s experiment illustrates our depend 
ence upon experience for the interpretation of 
tactile stimuli A small object such as a pea held 
between the adjacent sides of the first and second 
fingers is felt as one because a touch stimulus wlien 
applied simultaneously to both of these surfaces 
has always m our expenence been associated with 
but a single object But when the small object is 
held between the fingers aossetl as m Figure 47 3 
the skin is stimulated at two points that experience 
teUs us may be touched by tuo separate smih 
objects but never by one alone The single pea is 
therefore felt as two Nene cells in the sensory 
area of the cerebral cortex that receive impulses 
from the opposing sides of the fingers m their pg 47 5 llluitratng 
normal positions are probably very closely con ArUoile* experment 
nected whereas those receiving impulses from the 
other sides of the fingers are not in such intimate association 

Spofol disenm not on This faculty Js closely allied to the foregoing 
it IS the recognition of the separateness of two simultaneous stimuli For 
example if the points of a pair of compasses an inch apart are applietl 
to the skin of the forearm a single sensation is felt If the distance be 
tween the compass points is increased to inches or more and applietl 
as before two distinct sensations are experienced Two-point discrimina 
tion IS a faculty of essential importance In acquiring information 
through the sense of toucli of the size texture and shape of v-anous 
objects, it is indispensable This faculty vanes consuicnbly in dillerent 
regions being most highly developed in the coverings of the more mobile 
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parts of the boclj — tint is parts such as the fingers hps and tip of the 
tongue — uhich ha\e recened the most practice in m\estigaiing the imme 
diate environment 

In the following table seseral different regions are compared uitli 
regard to the minimal distance b) which two simultaneous stimuli must 
be separated in order to arouse a double sensation 

Minimal distance 
in miltimeurs 


Tip ol longue I ] 

Palm side of finger tip 2 3 

Red part of lips 4 4 

Tip of nose G 6 

Palm of hand 1 1 S 

Heel 22 0 

Back of hand 31 6 

Forearm 39 fi 

Middle of back upper arm and tliigh C7 0 
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Those several assoaated processes whereby a living thing 
perpetuates its kind are embraced tvithin the terra reproduction The 
study o£ the physiolog) of reproduction roust inevitably lead us to in 
quire into the related phenomena of heredity No laiv of nature is more 
invariable than the one that decrees that the members of any species 
whether of the animal or vegetable kingdom shall create new individ 
uals belonging to their own species alone In its mam features the younger 
generation always resembles the older The one is almost the replica of 
the other Briefly like begets like These hets are common knowledge 
and are expressed in such well knov\n phrases as a chip off the old 
block like father like son and as ye sow so shall ye reap Never 
theless thepnncipleof variation is justasunyielding for though in their 
essential parts the progeny closely resemble tlie parents there are always 
slight differences in form structure habits temperament etc Even so- 
called identical twins are not cast in preascly the same mold No two 
living things since the world began were ever exactly the same in all 
particulars Upon this Iav^ of variation Darwm based his theory of the 
origin of the my nad species populating the globe 


THE ORIGIN OF LIFE 

At one time it was almost universally believed that humble creatures 
such as snails worms and imggots were ^nerated from inanimate mate 
nals Maggots as we all know quickly appear upon a piece of meat when 
It becomes putrid But everyone knows now that though they appear to 
form from the meat they are actually hatched from eggs laid by flies ami 
will soon develop into a younger generation of flies Covering the meat 
with a wire screen was a very simple experiment that showed tint the 
meat itself no matter how decomposed it m glu become did not give 
G30 
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nse to maggots The flies attracted by the putrid odor laid thcir eggs 
upon the AMre screen E\en mice were beiiesed to come into being unbe- 
goticn and unborn Indeed one famous saentist* of tlie seienteenih 
cenniry confidently offered a simple reape for the creation of mice 
some soiled linen and a few grams of wheat or a piece of cheese placed 
in a closed container were supposed!) all that were required to perform 
this miracle Ben Jonson s alchemist soices the belief of his times m 
these lines 

Art can b^et bees hornets beetles wasps 
Out of the carosscs and dung of creatures 

The discorery of the microscope permitted these beliefs to be care- 
full) imestigated It was soon shown how untrue they were Spontaneous 
generation, the term that was applied to this supposed creation of living 
organisms from nonliving material commenced to pass into the realm 
of myths and superstition to be believed in by only the ignorant and 
credulous Not howeier until after the middle of the last century did 
the question cease entirely to trouble the scientific mind for with Pas 
teurs discovery of the germs of disease u was believed by some that 
bacteria the most elementary of all living things could arise from non 
living material The great Frenchman soon convinced those whose minds 
were open to conviction that even a germ must have forebears Even this 
mere speck of life can be created only from others of its kind 

Pasteur performed the following experiment A fluid material in 
which germs vvill live and multiply freely was placed in flasks The fluids 
and the flasks were then heated until all microscopic life had been de 
stroyed The flasks had long cvned necks ubich were each drawn out 
to a fine point only a liny opening directed downward vsas left for the 
entrance of air (Fig 48 I) Oansequently it was practically impossible 



for specks of dust that might carry microorganisms to reach the fluid in 
the flasks After four years there were no signs of life m the fluid Exami 
nation showed it to contain no living thing Other flasks containing 
similar fluid but left open for the free entrance of air were soon teeming 
w iih microscopic life 


Van Itclmoni 
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REPRODUaiON IN PRIMITIVE FORMS OF LIFE 
Bacteria (Ch 11) belong to the \egeiable kingdom and multtplj by 
simply di\idmg into tt\o indniduals. each of ivhich \ery soon divides 
again Thus starting with a single bacterium, the ne\t geneniion would 
number 2 individuals the next 4, the succeeding ones 8, 16, 32, 6-1, and 
so on Should the conditions for continuous multiplication — such as food 
supply, warmth and moisture — be suitable multiplication would pro- 
ceed in this way indefinitely, and, by the metliod of doubling the indi 
viduals m eacli succeeding generation, it requires only a simple calcula 
tion in arithmetic to show that enormous numbers would be created 
which in a very short time would smoilier all other forms of life Foriu 
nately, conditions are not suitable for unrestricted bacterial growth The 
food supply becomes inadequate, and the bacteria themselves produce 
substances that discourage their grovvth and destroy many already formed 
Also lack of moisture and other adverse arcumstanccs slide their pro- 
ductivity before it reaches tlie gruesome lengths that ariUimetic seems to 
predict But even so at the end of a few hours millions of bacteria may 
hav e arisen from a few original individuals 

Primitive forms of animal 
life such as the single celled 
amoeba (Ch 2), also reproduce 
their kind by simply dividing 
into two parts, each of which be 
comes a separate, free living indi 
vidual This type of reproductive 
process is called fission The nu 
deus of the amoeba first divides 
into two parts each of which 
forms a separate nudeus These 
separate from each other, the cyto 
plasm between them is severed 
and two new cells are fonncti 
which live apart (Fig 48 2) Tins 
one-celled {unicellular) organism 
and similar ones of its dass never age or die, in a sense, unless some 
accident befalls them 

Increase in size of the parent cel! and failure of its protoplasm to 
receive sufficient nourishment appear to decide the time for its division 
Noiinshment of course can be received only from the water with whicli 
the organism is surrounded Therefore as the mass of the organism m 
creases, the surface of its body, through which alone food matenals can 
be supplied must become in proportion to the volume piogressively 



Fig 48 2 The reproduction of a prunitive 
orgonism (e g , an amoeba) by fi» on 
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less ’ By the tlisision of the cell into two parts, the mass of protoplasm 
forming the original cell obtains a much greater surface area for exposure 
to the sources of food material The processes of growth and reproduc 
lion are therefore closely related In other forms of pnmitise animal life 
(for example volvox) the newl) formed cells do not lite an independent 
existence but cling together to form one laige organized colony Though 
in a colony like this the cells hate pmcticall) all the same functions there 
being no ditision of labor as in the bodies of higher forms of life, it is 
probable that it represents tfie first step in the creation of many<elled 
(muHicelliilaT) t^pes 

Some other one-celled animals propagate their species by die process 
of conjugation Two indniduals come together side by side or end to 
end, and in some instances the part of one fits into the other, as a key 


Fig 48 3 Two types of con 
jugot on A the animals 
shown in (1) hove fuseef 
completely lo produce on in 
d viduol (2), which has then 
d V ded by f ss on to pro- 
duce the two new ind vid 
uols shown In (3) 8 these 
onimols (poromecio) do not 
fuse but come iogelher ond 
exchange a port of the 
ehromotm of the r nuclei 
they then seporoie ogam 
and eoch fncT v duel d v des 
by f ss on 



" tl IS scarcely necessary to point out thai a tmall IXHly has a giraier surhcp area in 
proportian u> its mass or lunic llun a bTi,cT ‘be same sh3|>e 11 e 

Sm . t a ,«n 1, I< r .. m.ith .nalW tl.an ll i «'m ol ihc arai ot ,11 

the fine pieces that noutd r«iilt fn m crudung the |H.bl le 
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fits a lock The luo conjoined cells maj then become fused into a single 
mass (Fig 48 3) which later divides into tivo These in turn diMdeinto 
two by fission and each of the progeny again into two and so on This 
process of conjugation m one celled animals resembles sery closely the 
junction of the male and female sex cells (see below) whidi is the first 
stage m the development of the offspring of higher animals and of man 

Still other animal forms reproduce by forming small buds that sepa 
rate from the parent and later grow to adult individuals In certain 
species of worm for instance a head develops near the center of the 
body The head and front section of the body then separate from the 
hind portion to swim away as a new individual Some sponges also form 
small buds that after reaching a certain size separate from the parent 
and later develop to adult size and form Budding is the term applied to 
such types of reproduction In these lower forms of animal life the indi 
viduals all resemble one another very closely There are no sex differences 

Two of the three types of reprt^uction described above — fission and 
budding — have no sexual basis and are consequently called asexual m 
tjpe Conjugation may be looked upon as the most primitive tjpe of 
sexual reproduction True no structural difference beti een the iv o cells 
of tile union can as a rule be detected yet reproduction by the fusion of 
two separate cells is the essential feature of sexual reproduction For this 
reason conjugation must be placed m the latter category 

SEXUAl REPRODUCTION 

Animals of higher classes than those mentioned m the preceding sec 
tion such as many worms and insects reptiles frogs b rds and mammals 
are divided into two groups — the male and ihe female sexes The ordi 
nary cells composing the bodies of these animals do not enter into the 
formation of the offspring These animals are furnished with special 
cells — the sex cells — to serve for the reproduction of their kind and the 
continuation of their species Nature has provided animals with means 
for preserving their bodies against injury and premature death The 
instinct of self preservation is strong in all forms of animal life But the 
perpetuation of the species is of greater importance in natures scheme 
than the preservation of the individual The sexual instincts the protec 
tion of the female by the male and of the eggs or the young by the 
mother are all part of life s plan to ensure that one generation shall hand 
on to the next the torch that it received at birth The individual d es 
but the cells of sex which continue the existence of the race are passed 
from parent to offspring through rountless past ages and like the 
amoeba in a sense nev er die so long as th^ divide and the parts red vide 

The material from which die sex cells arise and wh ch like a living 
stream has ffowed from generation to generation bearing the number 
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less individuals of our race has been called the germ plasm The essential 
part of the germ plasm is the cliroraatin material of the cell nuclei (Chs 
2. 49) At an early stage m the desclopment of the mdnidual the germ 
plasm It IS beliesed is set apart from those cells (the bod) plasm) that 
are destined to form the general structure of the animal s body = It plays 
no part in the building up the various tissues — muscle bone nerve etc — 
but IS concerned with the greater work of producing sex cells and ensur 
mg immortality totlierace (Fig 48 4) 

The cells of sex The sex cells or gametes as they are also called are 
formed m suiiabl) designed organs — ihe^sscnital or primary sex organs 
Indniduals of each sex have their own speaal type of organ called the 
ovary in the female and the testu in the male (see Ch 49) Each of these 
develops its own type of gamete or sex cell The female gamete is called 
the egg or ovum and the male gamete the spennatozoon or sperm 

The ovum is a single usually spherical cell vvhidi varies in size in 
different speaes hut is usually many times larger than the spermatozoon 


6CSM PLASM 



F g 43 4 0 agram I 
lusirote the conllnu >y of 
tho germ pl»m 



CXIrtTACEAM 

F g 43 5 Show ng human and olher 
(permolozoo 


*T1 » separation mio tX'O type* of cell* tme of sx! Ich goes to form sex eiJIs if 
Olher body celts I as actually been sevn in * me toms of life 
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(Fig 48 5) The o\a (eggs) of reptiles and birds, as compared with the 
o\a of most other animal classes, are of enormous size The jellon part 
of the hen’s egg, for instance, is a huge cell, containing a large store of 
nutritive material — the >olk — whereas the human ovum is so small 
(0 02 mm) as to be scarcely visible to the naked e)e and contains on!) 
traces of jolk The hen s egg is about of the adult bird s weight The 
human body is millions of times larger than its ovum The human spcr 
matozoon is described in Chapter 49 and the spermatozoa of several 
species are shown in Figure 48 5 

In birds anti most reptiles though fertilization (Ch 19) takes place 
Within the female body, the eggs are laid outside,* whereas in frogs and 
most fish the are passed into the water Upon these the male tieposits 
a fluid containing the spermatozoa This method of eflecting the fertili 
zaiion of the ova is termed spawning 

In most mammals the ovum, as vveil as being fertilized within the 
mothers body, is also developed therein, and tlie new individual is not 
born until almost or quite perfectly formed During its development the 
unborn mammal receives its nourishment from the blood of the mother 
The )olk of the mammalian egg is consequently very limited in quantity, 
laige reserves of food material being unnecessary The yolks of reptiles’ 
and birds' eggs on the other hand, must be large, since the dctehpwg 
animal enclosed within the shell is isolated from all other sources of 
nourishment, yet must be sustained until hatdied and able to fend 
for Itself 

These different modes by which fertilization of the ovum « brouglu 
about necessitate different types of reproductive apiiviatus Those of 
mammals are considered in the next chapter 

Hermophroditiim Some lower animal forms — certain worms, mollusks 
Crustacea, etc — like most plants contain both male and female repro- 
ductive tissue in the same body Sometimes both testes and ovaries are 
functional, producing spermatozoa and ova, sometimes only the testes 
or ovaries produce sex cells This combimtion of the sex organs (gonads) 
IS called hermapliroditism, and the individual an licrrnaphrodile (Gk 
god and goddess, Hermes and AphrodUc) An hermaphrodite may fer 
tilize Its own eggs or those of another 

In man, hennaphroduism occurs as a rather rare developmental 
abnormality The two types of tissue, testicular or ovarian, may be pres 
ent as separate organs (testes and ovaries) or fused to fonn ovotesles 
The external sex organs — ^penis, clitoris, etc — are indeterminate between 
male and female as a result of the double hormonal influence Such a 
condition is called true hermaphrodiltsm It is of genetic origin On the 
other hand, only one type of sex gland, testes or ovaries, may exist, though 


Some reputes bear their jouiig aliw 
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the external genual organs shotv both male and female features This is 
called psendohermaphwdittsm It most frequentl) has an endocrine 
basis Occasionally certain regions of the body, even an entire half. Ins 
male characteristics, while other regions or the opposite half are female 
Such persons are called gynandromorphs (Gr g)ue. a woman + aner 
(and), a nnn + morplie, form) It is often difHcult to decide in which 
sex a pseudohennaphrodite should be placed and, if a child, whether 
dress, education, training, etc, should be along male or female lines 
Recently a means has been discovered whereb) the dominant $e\ can lie 
determined There is present in the bod) cells of females, but not in 
those of males, a dot of chromaiin within the nucleus in contact with 
or close to the nuclear membiane It is called the sex chromatin B) 
excising a small piece of skm and examining it microscopically for the 
presence or absence of this body, the real sex of the mdiVTdual can be 
ascertained (see also Ch 49). 
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Reproduction in Mammals 


THE MAMMALIAN REPRODUCTIVE ORGANS 

The organ$ m which ilie $e< cells of animals are produced 
—OSH or spermatozoa — are ailed the primary sex organs or gonads The 
female gonads are also known as the ovaries the male gonads are railed 
testes The other organs of sex such as the uterus m the female and the 
external genital structures in both sexes which are necessary for the 
completion of the reproductive process and which depend for their full 
development and growth upon the hormones secreted by the gonads 
are called the accessory organs of sex Those cltaractensiic and generally 
recognized differences between the sexes — namely the deep voice and the 
growth of hair upon the face in men and the deveJopment of the mam 
mar) glands and hips of vsomen — as v ell as ll e appearance of hair upon 
the pubes and in the axillae of both sexes are also dependent upon the 
action of the male or female hormones These signs of sexual matunty 
are termed the secondary sex characters 

The human female organs of reproduction 

The ovar es or female gonads The human ovanes are two bodies 
about the size and the shape of shelled almonds They are situated one 
on each side m a shallow depression on the lateral wall of the pelvis 
(Fvg 49 1) and attached to the posterior layer of the broad ligament of 
the uterus by a short peritoneal fold railed the mesovarmm A rounded 
cord runs between the layers of the broad 1 gament of the uterus (p CIS) 
from the ovary to the upper part of the lateral border of the uterus it 
contains smooth muscle and ts called the ligament of the ovary (Fig 
49 4) A fold of peritoneum (the infundibulopelvic ligament) passes 
from the pelvic v all to the ovary it carries the ovarian vessels and nerves 
638 
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The ov-a are de\eloped from cuboidal epithelial cells — the germmal 
epithelium — covering the surface of the ovary Columns of these cells 
penetrate deeply into the connective tissue, or stroma, of the ovary Small 
groups of cells separate from the columns and become arranged with a 
large cell in the center and others m a single layer around it These 
structures are found in great numbers m the fetal ovary and in the 
ovaries of children The) are called pumary, pTimittve, or primordial, 
Graafian follicles (Fig •19 2) The central, somewhat larger cell is a 
primitive, or primordial, ovum. In the secuall) mature female — that is 
from the time of puberty to the menopause — some of the primitive fol 
licles, under the influence of the follicle stimulating hormone (FSH) of 
the hypoph)sts become, from time to time, mature Two more lajers of 
cells derived from the ovarian stroma develop around the original one 
encircling tlie ovoim The outer of these is fibrous and is known as Uie 
theca externa, the inner la)er, called the theca intcma, is more vascular 
and cellular in character The cells of the original lajer surrounding the 
primitive ovum multiply to form a mass seveml strata deep This cell 
mass IS soon separated into two parts b) the collection of fluid — the 
liquor follicuh— near its center A heapctl up hillock of cells remains at 
one Side of the follicle in which the ovum lies embetided It is called tlie 
discus proligcnis (L proles, offspring + gero, 1 bear) or the cumulus 
oophorus (L eumulus, a heap + Gk. oSphoros, egg bearing) The other 
group of cells separated off by the liquor folhcuii is pressed against the 
wall of the follicle that it lines, it is known as the membrana granulosa 
(Fig 49 3) The single la)er of regularly arranged cells in immetliate 
contact With the ovum is called the corona radiata. 



Fig 49 3 A Graafion 
follicle contoinlng o 
developing ovum 



Reproduction in Mammals - 641 

The ovum itself when dischai^ed from the ovar> is immaiuie Main 
ration occurs during us progress along the uterine, or Fallopian, tube 
(see p 6-12) 

Ovarian hormones The phenomena of the esirous and menstrual 
cycles described later in this chapter, are dependent upon hormones 
produced in the ovary The Gmahan follicles of the ovary wcreisc in 
sue during proestrus (or in the human subject, tn the phase of the men 
stnial cycle immediately following niensmi'Uion) and become filled witli 
fluid the ova enlarge and approach maturity A hormone called csliailtol, 
or the follicular hormone,* is produced at this time by the cells lining the 
follicles ^V’hen a follicle reaches maturity it ruptures and discharges the 
ovum This event, called ovulation, occurs m antnnls during estrus and 
in women midway between the menstrual periods The cells lining the 
ruptured follicle then multiply and form a mass or body called the corpus 
luteum (yellow body) , for the cells composing it contain a yellow, fatty 
material knowm as lutein The yellow body, or corpus luteum, replaces 
the small blood clot that filled the follicle immediately after its rupture 
and the discharge of the ovum The corpus luteum is virtually a small 
temporary ductless (endocrine) gland (Fig 49 9) for it produces an 
internal secretion — the hormone of the corpus luicuni This is more com 
monly referred to as progesterone, which has been prepared in pure 
crystalline form 

Estradiol is responsible for the changes in the accessory organs of 
reproduction during proestrus and estrus for the psychic phenomena 
of estrus and for the development of the secondarv sc\ characters of the 
mature female It is therefore sometimes calletl the female sex hormone, 
and corresponds to the male hormone elaborated by ilic testes (p 055) 
It has long been known that removal of the ovaries of a young animal 
prevents it from becoming scKually mamre The accessory organs fail to 
dev elop, estrus docs not ocair the secondary sex characters do not appear, 
and the sex instinct is never manifested Injections of the female sex 
iinrmone into such an animal correct all these effects of ovariectomy 
On the other hand young immature animals treated witli estradiol show 
yvTccocvovis vexw-vl vltvcloymvem Tlve tote played by eswadml in yvteg 
nancy and parturition is dcscribeil at the end of this chapter 

‘ Several substances closely similar dictmcatly ami posscssinR ihe plivsiological actniiy 
of ilic follicular hormone have l>ecn obUii «.d from the ovaries as v cU as from fcniak 
urine and other body fluids and Uvsues ruroiic (also known as ll eel riy vnI idi ililfirs 
from estradiol m chemical structure to i minor extent vvas formerly ctiougl t to fx the 
naturally occurring hormone producctl by the maturing Craafan foltick rjtradml Ins 
liecti s^ntficsizctl and has also been isolatoel rn cT)SiaIIine /ona from the unte of 
pregnant women 

Ij/nn 13 an earlier term given to ihr lollicuUr hormone before its dteimcal stnic 
turr wav fully known It is still in use as a physwlogical turn but carries no j nnsc 
clinmeal mcviung Fsirogen is another name with a purely physiological comnuati n 
It IS applied to any agent whvlher of bi I l^cal or ttlier nnpii which is capable rf 
itidiieing estrus and oficn other clficis of the foUicuUr hotmunc 
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Progesterone prepares the uterus tor the reception of the fertil zed 
ovum It IS responsible for the uterine dianges characteristic of postestrus 
or pseudopregnancy for one phase of menstruation in women and for 
the development of the placenta — the organ that enables the embryo to 
receive nourishment from the mother during pregnancy (p 668) For 
example if a pregnant rabbit is castrated (ovanectomized) early in pr^ 
nancy or if the corpora lutea are excised the embryo dies and is expelled 
from the uterus (abortion) Progesterone can be prepared most con 
venienlly from hogs ovaries This preparation when injected into ovan 
ectomized animals after they have become pregnant permits pregnancy 
to continue to full term Normally if fertilization of the ovum occurs 
the corpus luteum continues to increase in size until the later months of 
pregnancy its hormone exerting a constant influence upon the growth 
and functional integrity of the placenta On the other hand if the ovum 
remains unfertilized the life of the corpus luteum is short After exerting 
Its hormonal influence for a time and causing the uterine changes char 
acteristic of pseudopregnancy it undergoes degeneration In the human 
subject changes in the uterine mucosa occur after ovulation analogous 
to those of pseudopregnancy but again failure of the ovum to become 
fertilized is followed by degeneration of the corpus luteum The uterine 
mucosa then reverts to its resting state it is at this time that menstrua 
tion occurs (Figs 49 8 49 9 49 10) 

Progesterone also brings the mammary glands to full maturity dur 
ing pregnancy induces multiplication of the uterine muscle fibers and 
inhibits contractions of the uterus 

The uferne or Fallopan tubes These tubes (called oviducts in an 
mals) are two slender ducts one on each side possessing a trumpet 
shaped mouth with a fringed nm — the fimbnated extremity — that I es in 
close relation to the ovary (Fig 49 I) This expanded upper end of the 
Fallopian tube receives the ovum whidi is then conveyed along the duct 
by the movement of the alia m its mucosa as well as by peristaltic con 
tractions of its muscular wall The Fallopian tubes open medially into 
the upper pari of the uleius (womb) They are enclosed between the 
two layers of the broad ligament of il e uterus this part of the broad 
ligament is called the mesosalpinx (Gr salpinx a tube) Conjugation 
of the ovum with the male genu cell (spermatozoon) or fertiluation of 
the ovum as this event is usually termed is thought to take place in the 
Fallopian tube In birds the oviducts transmit the fertilized ovum to 
the extenor but in women and in most other mammals it is delivered 
into the uterus 

The uterus The uterus is a hollow pear shaped organ though some- 
what flattened from front to back (Fig 494) Its v alls are formed of 
smooth muscle and are lined by mucous membrane the latter is called 
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ihe endometrium Tl»e small nnrro\ er end the neck or ccnix of the 
uterus IS directed dotvntvards and back^^'trds opening by its mouth 
or os into the upper end of the vrtgmfl The latter is a narrow shealhhkc 
canal of muscle and mucous membrane that receives the male copuhtory 
organ or perns The fertihred ovum upon reaclung the ca\ity of tie 
uterus establishes connections tvith the uterine mucosa and develops into 
(he /etus (p 6G7) Tiie reictton of the endometrium uill be described in 
greater denil later 

The Igaments of the uterus Tlie uterus is connected to the pehic 
walls and to the rectum and bladder by six I garaenis — an anlerior and a 
postenar J gament two broad ligaments and a parr of round ligaments 
The nmcrior ligament is a fold of peritoneum stretching from the 
uterus near the cervix to the bladder The posterior ligxmcni passes from 
the upper part of the vagina to the rectum 

The broad ligaments arc tivo tvide folds of peritoneum that extend 
from the sides of the uterus to ihc lateral vralls of the pchis The) to- 
gether with the uterus divide the pelvic cavity into an antenor and a 
posterior compartment the former containing the urinary bladder the 
latter the rectum The upper border of the broad ligament encloses the 
uterine tube A little below this near the open end of the uienne tube 
the ovary is attaclied to the posterior layer of the ligament by a fold 
called them csoufirnim (sec also the ovaries above) 

The round ligaments are two narrow flat binds ronmning smooth 
muscle that run on eacli side from the upper pan of the literal bonier 
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of the uterus between die Ia\ers of the broad ligaments to the deep 
abdominal ring (Ch 5) They traverse die inguinal canal on each side 
and end in the lolntun mn^iis 

In addition to the ligaments just described tiio folds of pentoneum 
that stretch from the uterus to the sacrum are sometimes called the 
uterosacral ligaments 

The growth of the irterus in the v rg n state end during pregnancy The 
virgin uterus reaches us full deselopment at puberty as a result of the 
maturation of the Graafian follicles and the hberatton of the follicular 
hormone estradiol At this time it neighs only 50 grams or less but 
during pregnancy it shons phenomenal grovuh reaching a neight exclu 
site of us contents of some 1000 grains — a 20-fold increase Almost imme- 
diate!) after impregnation of the otum before it has become attached 
to the endometrium and e'en while it is siiH in the Fallopian tube tlie 
uterine muscle shons tery aclne hyperplasia that is a great increase in 
the number of fibers occurring through mitosis Under microscopic exam 
mation thousands of mitotic figures arc to be seen m a small sample of 
the uterine muscle But this hyperplastic pliase soon comes to an end 
The gronth of the uterus from this time on is confined entirely to thick 
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ening and lengthening of the existing muscle fibers The increase m the 
number of fibers (mitosis) js due mainly to the action of progesterone. 
The enlargement of the mdindual fibers and the consequent great in 
crease m the size of the uterus is the result of the distension caused b\ 
the progressive increase m bulh of the fetus a stretch stimulus being thus 
applied to the uienne muscle The effect of this stretch stimulus ujwn 
uterine growth is modified after a somev hat complicated fashion by both 
estradiol and progesterone The growth of the uterine muscle ceases 
tovvard the end of the sixth month of pregnanq But the fetus shov s 
rapid gTOivth from this time on accompanied b) a commensurate d s 
tension of the uterus The stretdt 
stimulus applied to the muscle fibers 
though It elicits no growth response 
induces other effects that lead even 
tuall^ to the termination of preg 
nancy (p 676) 

Relaxin the last female sex hor 
mone to be discovered is present in 
the blood of pregnant animals and 
women It softens and relaxes the 
ligaments of the $)anph)si$ pubis and 
thus by allowing expansion of the 
pelvis facilitates the passage of the 
fetal head during the second stage of 
labor It IS formeil m the uterus 
un ler the influence of estradiol and 
progesterone 

The external female gen fal organs 
The several parts of the external gen 
ital structures are togetiier callevl the 
vulva or pudendum they arc the 
mons pubts (or mans I enms) the labta majora and labia minora, the 
vestibule and iheeJilons 

The mons pubis is a cusluonlikc elevation overl)ing the symph)sis 
and that after the age of puberty is covered V\ith hair 

The labia majora (sing fnbiitti mopis) which correspond to the 
scrotum of the male are two lonpimbnal elevaictl folds of skin ninniiig 
backwards and dov nwards from the mons pubis to v ithin an inch or 
so of the anus v\ here they merge (Hg 19 6) 

The labia minora (sing labtim minus) are two smaller cutanet us 
folds lying under cover of the Jibia myon and extending backi ards 
fix)m the clitoris The clefi bciv cen the labij minora is called the vcsii 
bulc of the vagina it contains Uie vaginal ojxmmg and just above the 
latter the orifice of the urcihn 
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Tlie clitoris is phced between the anterior ends of the labia minora 
(Figs 49 6 and 5 30) It corresponds to the penis in the male it resembles 
a penis in miniature in that H consists of erectile tissue that forms ti>o 
corpora cavernosa ana a rudimentary glans It possesses u o crura that 
are attached to the ischial and pubic ra-ni and a diminutive prepuce 
Each crus is covered by the bulbocavemosus muscle of the corresponding 
side The function of this muscle is similar to that of the muscle m the 
male The chtons hoivever is not traversed by the urethra The bulb of 
the penis is represented in the female by the bulb of the vestibule which 
consists of two oblong masses of erectile tissue situated one on either s de 
of the vaginal opening 

The vag no The vagina (L a sheath) is a curved canal that leads 
downwards and forwards from the uierus lo the external genual organs 
Its posterior wall is somev hat longer (90 an) than ns anienor (7 5 cm) 
The vagina is composed of an inner circular and an outer longitudinal 
la)er of smooth muscle and is linetl by mucous membrane the epithc 
hum of which is of Uie stratified squamous tjpe The opening of the 
vagina which is situated between the lab a minora is partly closed m 
virgins by a lamina of mucous membrane calleil the hymen 

The structure and development of the mommory glands The mammary 
glands of women commonly Vnovvn as the breans are comf osed of a 
miss of cells arranged to form follicles or alveoli that are drained by a 
branching system of ducts The mammary tissue capable of secreting 
milk under appropriate stimulation is separated by means of partitions 
or septa of connective tissue into some twenty lobes in each breast (Fig 
49 7) Each lobe is dividevl again into a number of lobules The breast 
15 surmounted at its center by a small conical eminence composed of 
erectile tissue and covered by darkly p gtntnied skrn u is known av vlvt 
nipple and is surrounded by a circular area of similarly pigmented skin 
known as the areola The whole mass of glandular tissue is embedded 
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and covered by a ^'anable but often veiy abundant amount of fati) 
(adipose) tissue In the acme gland the milk is secreted into the centers 
of the follicles and drained aua) by the duct system The milk is carried 
from eacli lobe b) a single duct (laaiferous duct) to the nipple, from 
the apex of ishich it reaches the extenor through a minute pore 

The development of the mammary glands to the adult sue and form 
commences at pubenj Their enlargement at this time is one of the chief 
secondary sex cliaracteristics of the mammalian female Before the age 
of puberty, the gland of the female shows little difference from thai of 
the male either in the amount or in the histological appearance of the 
mammary tissue In both sexes at tins lime, as well as in the adult male 
llie glands consist mainly of connective tissue with a bmitcd number of 
rudimentary collapsed follicles and a fev\ scattered sparsely branclietl 
ducts 'With the onset of puberty, signs of cellular activity (hyperplasia) 
appear m the female gland The duct system becomes more extensively 
branched, though the follicles remain rudimentary Not unless jireg 
nancy supeneries do the latter become fully developed and capable 
under ordinary circumstances of secreting milk There are, therefore 
two periods in the growth of the mammary glands, die first at puberty 
and confined to the duct system This is brought about by the action of 
the foUiailar hormone (estradiol see oiartan hormones, above) The 
very active growth of the follicles characteristic of the pregnant state is 
caused by progesterone Due to the high concentration of estradiol in 
Uie blood dunng pregnanq the dua system also receives further stimu 
lation at this time Though milk is formed within the gland toward the 
end of pregnancy, none appears externally as a rule until the child or 
the young animal has been born The mechanism underlying the sccre 
hon of milk (hctation) is desaibcd later 

The breasts do not form true milk at first, but for a couple of days 
or so after delivery secrete, instead, a sticky yellowish fluid callct! colos- 
trum Small quantities of colostrum can usually be expressed from the 
nipple as early as the third or fourth month of pregnanq Colosirum 
IS mudi nclier in protein than milk and is coagulable b\ heat It contains 
cells, colostrum corpuscles, filled with fat globules 

The co;npojiho/i of milk Milk provides all the materials necessary 
for the growth of the infant up to the age of about G months Human 
milk contains about G 7 percent of si/gar (lactose or milk sugar) , 1 5 jrcr 
cent of protein (mainly hctalbumm and casein), and about 4 percent 
of /of Its main mineral IS calcium (approximately 1 gram per quart of cow s 
milk) . But It also contains adequate amounts of phosphorus, sodium, 
potassium and magnesium The chief difference between human and cow’s 
milk IS the higher concentration of protein (3 5 j>erccnt) in the latter 
Both kinds of milk are poor in iron it is for this reason that the infant 
after tlie age of about 6 months is likely to become anemic if fed upon 
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nnik ilone The bab) comes into the uorld uiili a gfXKl suppl) of iron 
but iJie stores of this mmeraf (dcrtvcil from the hemoglobin frecil b\ 
the disintegntion of the excess of er)throc)tes during tlic few dajs after 
birth) become exhausted after die first half )ear or so Tfic mill, of 
health) mothers usuallj contains die rctjiiirctl amounts of sitamins A 
B and C but temls to be lov\ in Mtamin D This is also often true of 
cou s milk- Infants and joung dtildren should be gisen atlditiornl 
amounts of sitamm C for the prevention of scurvy and of vitamin D to 
forestall the development of rickets 

The various constituents of the milk arc derived from the blood 
flowing through the gland In the secreting gland the fat can be seen as 
microscopic globules within the cells of die alveoli As tlie globules col 
lect and coalesce the cells swell and riiiall) bursting discharge their 
load of fat into the center of the alveolus (Fig -lO?) This type of secrc 
lion known as apocrine, is less common than that in which the cells 
extrude their product, saliva for example, and remain intact 

The sexual phenomena of the mature femole The organs of sex in both 
the male and the female animat mature at a dermiie age that vanes m 
different speaes At this time which is called puberty, the reproductive 
functions commence Sex desire is aroused and mating occun 1 he 
reproductive period extends throughout the greater pan of the animals 
life It ends with atrophic dianges in the sex organs and the gradual sup* 
pression of sexual activity In the human species piibeny ocnirs at from 
13 to 15 years of age being usually a hitle earlier m girls than in boys 
The secondary sex chirartcrs ilrcady described now make their apficar 
ance 

In the majority of animal sjiccics the female will receive the male 
only at a certain jienod or pcninls ol the year These so<allcil Hinting 
seasons arc diaractcrued by certain sexual phenomena that are gencnll) 
referred to by animal breeders as licat and by physiologists as estrus 
(also spelled oestrus) Estrus and ilie sex phases immediately preceding 
and following ii are together rcfcrrctl to as the estrus cycle The phase 
preceding estrus is called proesinis that following it postestnis The 
changes during proestrus consist of swelling and increaseil vasculani) of 
the vulva and vagina The uterus becomes enlarged anti us glands liyjicr 
trophy In some animals at this time bleetluig occun from the uterus 
and appears externally The changes of proestrus are preparatory m 
nature the female organs being brought into a condition suitable for 
the reception of the male and the fcrtiliration of the ov um The Graafian 
follicles m the ovary (p &10) arc undeigoiiig maturation Estrus iisclf 
IS the j>enod during Vvhich ovulation occurs and the female will mate 
Tlie changes occurring during postestnis arc anticipatory to ilie implaii 
lation of the fenilueil ovum in the uterus The uterine mucosa hyper 
trophies and us glands sliow inacased secreton activiiv During post 
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estms the cor^jus luteum is deseloping The uterine cinngcs m postestrus 
resemble tliose taking place during pregnancy nhich indeed, are an 
extension or continuation of the former 

In a number of animals the postestrus preparation of the uterus for 
the implantation of the fertilired o\um that is for pregnanq is a acr) 
prominent feature of the estrus cycle Postestrus in such species is there 
fore called pseuclopregnancy If fertihration of the o\um by a sperm cell 
occurs the uterine dianges of postestrus merge into those of pregnancy 
If fertilization does not result the uterus returns to its resting state and 
all sexual activity subsides until ilie commencement (piocstrus) of tlie 
next estrus cycle. 

Some animals sudi as the dog are calleil monestroiis since a single 
estrus cycle occurs in each mating season The term ancstnis is apjjhtxl 
to the quiescent periods inicnenmg betiiccn the mating seasons In 
other species such as the caw mouse and rat a series of estrus cycles 
occurs during each mating season such animals are termed polyestrnus 
The interval elapsing hetweeii any two estrus odes is then termed dies 
trus and the period between mating seasons as in the case of moncstrous 
animals is called anestrus 

The phases of the estrus cycle in a monestrous animal are shown in 
the follow ing scheme ind in Figure 49 8 


i 

Procstrus 



Estrus— o\ tibiion 


Pregmiicy or rsciidoprcf,i»jncj (posiestrui) 

T 

\ncsmis 


The rne« 5 /ri/fl/ ryde The rhythmical senes of changes in the sex 
organs that occurs about every 28 tlays throughout the rt[>rothictive life 
of women is analogous to the esirous cycle of lovter animals It is callctl 
the menstrual cycle (L mens month) In one phase of the menstrual 
qclc uterine bleeding occurs This phase is referretl to as menstruation 
or tJie menstrual pciioii it has a duration of from 3 to 5 davs Ovulation 
occurs about midway between the menstrual pcriotls— that is some- 


Fig 49 8 D agrom of the es- 
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i\here between ihe thirteenth and seventeenth dajs follot\mg die com 
mencementof the bleeding (Fig 499) 

Though, as just mentioned ihe menstrual qcle corresponds to the 
estrus c)cle the tuo differ in this respect, that bleeding which is a promi 
neni feature of the former, is absent or inconspicuous m the latter It is 
not possible to say what phase of the estrus cjcle (whether to proesirus 
or posiestrus) menstruation itself corresponds Since bleeding m certain 
species occurs in proestrus it has been assumed bj some tliat such bleed 
mg IS analogous to menstruation others hate thought that menstruation 
corresponds to the end of postestrus — that is to the breakdown of die 
uterine mucosa built up during postestrus There are objections to both 
these views 

Conspicuous histological changes occur in ihe uterine mucous mem 
brane (endornelrium) during the menstnial c^cle Though these changes 
have been very minutely described and divided into stages it will suffice 
to give a brief outline Iiere The endometrium first becomes thicker and 
more vascular, the small arteries beoime tortuous and spirally coded like 
springs the surface epithelium hypertrophies The glands of the mucous 
membrane elongate and show secretory aanity The hypertrophy of the 
epithelium and the vascular changes are due to the action of estradiol 
the somewhat later glandular changes are caused by progesterone Should 
fertilization and implantation of the ovnira (p 667) occur, the stimulat 
mg effects of the ovanan hormones become more pronounced and merge 
with, those of the pregnant state If on the other hand the ovum u not 
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Fig 49 9 Diagram of the menstnioi cycle The vterine mucosa is represenied m 
the lower holf of the figure Nofe the ih ckeriing of ihe mucoso the increasing 
tortvos ty of the vessels ond glonds e* progesi n production increases Breakdown 
of the mucosa with mensfruol bleed ng occurs os the corpus luleum degenerates 
or retrogresses A developing Groofian follide B rupture of foil ele and ds* 
ehorge of ovum C end D corpus luteum E ond F degenerolion of corpus luteum 
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impregnatctl by a male sex cell spermatoioon (p 654) it (letrencntcs 
as does also the corpus luieiim The hjpertrojdued enilomstrium cannot 
be sustained in the absence of the latter ns epithelium is shetl and 
bleeding (menstruation) ilien occun Menstruation therefore is the sign 
that a feriiliied osaim has not become implanted in the uterine mucous 
membrane in other tsords that pregnancy has not commenced After 
from 3 to 5 days of menstrual bleeding repair processes restore the sur 
face epithelium the s-ascular and ghiidular activ ities of the endometrium 
subside and the uterus returns to the resting condition the menstrual 
cycle has now been completed (Fig 49 10) 
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Tg 4910 Showing changes in the endomelnum during the men- 
strual cycle 

The first menstrual cycle commences at puberty Toward the end of 
the reproduclise period the qcles become irregular and finall) cease 
at from 45 to 50 years of age the suppression of the menstrual cycle at 
this time IS called the menopause This period is accompanied by 
atrophic clianges in the osancs and the accessory organs of reproduction 
Psychic phenomena depression or irriiabiluy are common during this 
period InscabiliC) al the lasomoior system causing siitiiicn Hmhing of 
the face and a sensation of warroili — hot Hushes— are of frequent occur 
rcnce 

The male reproductive organs 

The testes The testes are the gonads or sex organs of the male and 
therefore corresjiond to the osarics of the remalc They are two osoid 
hotlics that in such animals as fish frogs reptiles and birds he within 
the abdominal casits E\cn m the mammalian fetus they ocaipy this 
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pmition About t(>o months before birth in mnn ilie irstei loose the 
abdomen and descending along the inguinal canal enter the scrotum 
The latter is a cutaneous pouch suspendctl from the pubic and perineal 
regions 

The interior of the testis is a compact mass of narrow and ser^ tor 
tuous tubules — the consolutctl semsmferous tubules Fibious partitions 
diside the testicular substance into a great number of svcdgcshajxd 
lobes each of uhich consists of from one to three convoluted tubules. 
The tubules of neighboring lobes unite to form n series of larger straight 
ducts that after a short course unite in a plexiform manner The plexus 
— know n as the rctc testis — leads again into a number of ducts small and 
straight at Tint but that shortly become enlargetl and tortuous (Fig 
•19 12) and uliiraaielj united into a single large convoluted duct- Thu 
IS called the epididj-mis it lies on the {tosicnor aspect of the testu its 
upper part or head being constderabl) larger than the loner part or 
lati From the tail a straight tube — the vas dcrcrcns — asccmls along ilte 
jxasterior Ixirder of the testis to enter the alxlomen vvherem it joins the 
duct of the seminal vesicle of the corrcs|>Qnding side (fig "lO 13) 

The seminiferous tubules are Iinctl b) several hvers of cells- Those 
of the outermost lajer — that is the layer lying ujxm the basement niem 
brane — are of two tv pcs (a) aiboidil cells supy>ortcd by (b) toliimmr 
cells The latter uhicli arc knoun as the cells of Sertoli extend innaid 
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Fig 4912 leFl, the internal structure of the testis /light microscop e oppeoronee of the 
lemmiferoui tubules on cross section 



behind/ B, hlerol aspect The vrochws U a remnant of the urinary system 
of the fetus, which pe«i$t$ offer birth end throughout adult life os a portly 
canalized Fibrous cord extending enclosed In a fold of the peritoneum to 
the region of the umb hcus. 
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(that IS, tos\ard the lumen of the tubule) through the other ]a)ers The 
former, called the spermatogcmc cells gi\e rise through a series of divi 
sions to the male sex cells or spennatozoa (sing spermatozoon) The 
inner cell la)ers forming the \\all of the tubule consist of spermatogcmc 
cells showing \'arious stages in the maturation process those most ad 
\anced in deselopmcnt I>ing nearer the lumen of the tubule. The cells 
as they mature into spermatozoa become detadied from the tubule wall 
(Fig 49 14) The spermatozoon is about 0 1 mm long it has an os-al 
flattened head and a long tailhke process (see Fig 48 5) by which it 
propels Itself The head is the essential part of the cell consisting of a 
large nucleus surrounded by a narrow rim of protoplasm 

The connective tissue lying be 
o! cell* tween the convoluted tubules contains 
scattered cells with yellow granules in 
ilieir cytoplasm These are called inter- 
stitial cells, or the celb of Lejdig They 
are believed to furnish the male hor 
inone testosterone (p 656) 

The seminol vesicles These are ivvo 
coiled tubes viitli sacculated walls sit 
uaied between die lower part of the 
bladder and the rectum The ejacula 
tory ducts are short tubes formed one 
on each side by the union of the duct 
of the seminal vesicle with the \as 
deferens they open into the urethra 
(the canal of the penis) near the outlet 
from die bladder 

Ejocuial on and the fertilization of the 
ovum The spermitozoa are conveyed from the convoluted seminiferous 
tubules along the complex system of canals just described to the epi 
didymis The spermatozoa show no spontaneous movements in the con 
voluted tubules but become actively motile m the epididymis As conus 
nears completion and the climax or orgasm of the act occurs con 
tractions of the epididymis and vasa deferentia propel the spermatozoa 
through the ejaculatory ducts into the uredira At the same time the 
seminal vesicles contract and expel a VISCOUS secretion The semen which 
this fluid with Its suspension of spermatozoa is now called is ejected from 
the urethra with considerable force by the contractions of the urethra! 
muscle and of striated muscle in the perineum The ejection of die 
semen and the movements that bring it about constitute the act of ejacu 
lotion It IS a reflex act of which sensory nerves in the penis ate iisaflcrent 
limb "incl sympathetic nerves its efferent limb A thin secretion from the 
prostate gland and secretions of small urethral glands are addetl to the 
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semen in ihe urethra Tlie secretion of the seminal \esicles appears lo be 
essential for maintaining the life and mouht) of the spermatozoa but 
the prosiatic secretion and the secretions of the ureiliral glands are not 
of importance in tins respect thc) probabl) ser\e mamlj as a lubricant 

The spermatotoa, deposited in the upper part of the \agina during 
coitus, propel themselves upivard by lashing movements of their tads at 
the rate of about 6 indies per hour, and passing through the uterus, 
enter the Fallopian tube where feTt$UzaUon occurs It is probable that 
contractions of the uterus during coitus may draw the semen into the 
uterine cavity 

The head of the spermatozoon penetrates the ovoim, in a short time 
ns tail disappears and the changes described later in connection unh 
fertilization follow The semen contains an eti/yme (hyaluronidasc) that 
effects the removal of the mass cells (discus proJigerus p 6)0) m winch 
the ovum is embedded, thus facilitating its penetration by the sperma 
tozoon 

The life of the spermatozoon after it has been deposited in the 
vagina is from 4 to 5 days The ovum on the othei hand if unfertilized, 
survives for only about 7 hours after this it starts to degenerate 

The penis The copulatory organ of the male, the penis, is composed 
of erectile tissue arranged as three longiiudnni columns bound together 
by fibrous tissue and covered with skin Two of the column ir masses 
called the corpora cavernosa penis, he side by side on the upper or ante 
nor aspect of the organ The third, called thc corpus sjiongiosum penis 
(or corpus cavernostim urethrae) is under the other two lodged m the 
groove between them, it is canalized by the urethra The unmry bladder 
is evacuated through the urethra, which also transmits the semen during 
coitus The extremity of the corpus ca\ernosnm urethrae is expanded 
into a pyramidal structure called the glans penis, which is molded over 
the ends of the corpora cavernosa penis (Figs “lO 1 1 and 5 31) Near the 
base of the ghns penis the skin of the penis forms a movable fold called 
the foreskin, or prepuce It is common practice today to excise the pie 
puce a few days after birth, this operation is called circunicisian 

The corpus spongiosum penvs extends backwards into the perineum 
where it is expanded to form the bulb of the penis (see Fig 5 31) The 
two corpora cavernosa diverge from one another posteriorly, and are 
attached to the ischial and pubic rami of the os coxae These parts of 
thc penis are called the crura (sing crus) The bulb of the penis is cov 
ered by' ihe bulbospongiosus muscle This muscle cons sts of two lateral 
and symmetrical parts joined by a median raplie its fibers ansing horn 
the latter and the perineal body Running forwards, the fibers diverge 
and are inserted into the fascia covering the corpora cavernosa j>enis and 
the corpus spongiosum The bulbospongiosus operates to expel urine 
from the urethra at the end of mituntion, and bv compressing tlie deep 
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\ein of the penjs, to aid in produang erection of the organ Each crus of 
the penis is covered by the ischiocasecnosus muscle of the corresponding 
side, this muscle arises from the tuberosity and ramus of the ischium b) 
compressing the crus it aids in the erection of the penis 

Erecttle tissue possesses a spongelike structure showing a meshwork 
of wide blood spaces (cavernous spaces) These are fed bv capillaries and 
arterioles and drained b) small veins Smooth muscle fibers run m the 
vv-alls of the blood spaces and surround their venous outlets To this con 
struction of erectile tissue is due its peculiar propert), namely, the abilitj 
to alter in volume and consistency Erection of the penis is brought about 
in the following way The artenoles feetimg the blood sjiaces dilate and 
the muscle fibers in the vvalls of the latter relax The muscle guarding 
the V enous outlets contracts thus tending to impede the outflow of blood 
The spaces of the erectile tissue are expanded as the blood under high 
pressure is driven through them The 
organ thus becoming turgid with blood, 
IS rendered tense, hard and erect 
The nerve fibers governing this 
mechanism are derived from the pelvic 
(parasyrapatlietic) nenes The sympa 
thetic sends fibers that exert the reverse 
effect (contraction of the smooth mtis* 
de of the arterioles and in the walls 
of the blood spaces accompanied by 
relaxation of that surrounding the 
venous outlets) with consequent relax 
alion of the penis 

The erectile organ of the female 
corresponding to the penis is called 
the clitoris (p G16) It is situated above and just outside the entrance to 
the vagina Erectile tissue is also present beneath the mucosa of the 
vagina 

The prostate This is a body about the size of a chestnut and some 
nhaCcancczl in shape Its base is directed upward and has in a>niaa imh 
the lowest part of the bladder It embraces the first U/^ inches of the 
urethra The ejaculatory ducts pierce its upper and posterior part (Fig 
49 13) The prostate is composed of muscular and glandular tissues It 
secretes a thin fluid into the urethra 

Prostatic enlargement with consequent interference with the passage 
of unne not uncommonly occurs in men past middle age There has 
been much speculation as to the cause of enlargement of the prostate, 
but so far the problem has not been solved Some hormonal imbalance 
is thought to be the fundamental cause 

The male hormone — testosterone In 1929 McGee obtained the male 
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hormone in crude form b) the extraction of bulls' testes ivith acetone 
This preparation ^^•as shonn to cause the grots th of the ramb and tsattlcs 
of the castrated cockerel (capon) (Fig 49 15) and to bring about the 
normal detelopment of the accessor) organs (jienis seminal sesicles and 
prostate) of castrated male rau In immature rats treated t\ith the extract, 
the accessor) sex organs detelop and sexual maturit) is reached prerna 
turel) The extract also stimulates the comb grouth in hens and inhibits 
otoilation 

More recently, tlie hormone has been obtained m crysiaJJine form 
from testicular tissue This punneil material is called testosterone, and 
has the empirical formula CijH ,0 The hormone has also been obtained 
in crysnlline form from male urme ChemicaJh this latter material dif 
fers slightly from testosterone and has been designated androsterone, ns 
actnii) is also mucli less (one sesenth to one tenth) than that of lestos 
terone. The mile hormone does not appear m the urine of boss until 
after the tenth year but oddiv enough n is present in the urine of norma! 
uomen The male hormone belongs unh the osanan hormones to the 
class of substances knoun as sferoufs Both testosterone and androsterone 
have been synihesired in the laborators from cholesterol This suggests 
the |}ossibiht) that the male hormone is formed in the body from this 
substance, uhtdi is a constituent of nearlv all animal tissues 

Cells m the intersiuia! tissue of the testes — the so-called cells of 
Le)dig — are generally believed to manufacture the male liomtonc Tliai 
these cells and not the spermatogenic cells (p 651) are responsible seems 
evident from the fact that cisiration effects do not follow irradiation of 
(he testes with x rays winch destroys the spermatogenic cells but leaves 
the cells of Leydig unaffected 

The reloljon of fhe enferior lobe of the pituitary !o the sexual functions 

Gonodolrophic hormones The anterior lobe of the pituitary of either 
male or female produces two hormones that act upon the gonads In the 
female one of these gonadotrophic hormones stimulates the growth and 
maiuruiion of Uie Gnafian follicles in the ovary Thus indirectly this 
hormone causes the production of the follicular hormone, estradiol It is 
called the follicle-stimulating hormone (TSH) of the anterior pituitary 
The other gonadotrophic hormone of the pituitary acts upon the second 
phase of the ovarian cycle that is it stimulates the growth of the corpus 
luieum This hormone is known as the lutcin-stimulating hormone 
(LSTI) It, therefore, through its sUmulatmg effea upon pTOgesterone 
formation, indirectly causes the changes in the uterine mucosa cliarac 
teristic of pseudopregnancy md of ilie corrcsjionding phase of the men 
stnnl cycle or, if pregnanq ensues of the development of the placenta 
(p CG8) Both gonailoimphic hormones whether denved from female 
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or male pituaaries j)roduce analogous effects upon the testes The follicle 
stimulating hormone acts u|>on the elements of the testes conesponilmg 
to the lining cells of the Graafian follicles namelj the spermatogemc 
cells The lutein stimulating hormoite acts upon the cells of Le^thg and 
for this reason is also knoun as the loterstitial cell stimulating hormone 
(ICSH) 

Removal of the pituitar) is followed by atrophy of the gonads and 
secondarily, of the accessory sex organs (Fig 49 16) Transplantation of 
tissue of the anterior lobe or injections of anterior lobe extracts prevent 
these oihenvise inevitable results of hypophysectomy Tlie anterior lobe 
of the pituitary is therefore ultimately resjxjnsible for the sexual develop- 
ment of the male or female animal The phenomena of puberty— namely, 
the development and maturation of the gonads and through the inter 
mediary of the hormones liberated by the latter, the grow th of the acces 
sory organs of sex and the development of the secondary sex characters — 
are dependent upon the gonadotrophic hormones 

Prolactin, the loctogenic hormone The anterior lobe of the pituitary 
also liberates a hormone tltat stimulates milk secretion m the mother 
after the birth of the young This hormone is called tlie lactogenic pnn 
ciple, or prolactin It is obtained from the pituitary by extraction vvith 
an acid solution If the pituitary is removed late in pregnancy only a 
small quantity of milk is secreted after the young are born and the 
secretion soon dries up This hormone evidently also exerts an influence 
upon the maternal instinct for hypophyseciomired animals do not care 
for their young like normal motlvers Furthermore injections of prolactin 
arouse the maternal instincts in young virgin rats they commence to 
build 1 nest from straw, v>ool or other soh material that they can gather 

The liberation of prolactin from the liypophysis and its stimulating 
action on the flow of milk oinade so closely with the termination of 
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pregnancy that ninosuy must naturall) be aroused concerning the mecli 
anism underlying such accurate timing* hfany details of the highly com 
pJe\ mechanism are obscure, but it appears from the great tolume of 
experimental work carried out tvithin recent years that the immediate 
or direct cause of the flotir of milk from the breasts is hormomf ntther 
tlnn neural in nature There is abundant esadence that prohetin is not 
concerned alone, but that the galaciogogue principle (Ch 38) csttadiol 
and progesterone a hormone of the adrenal cortex, and eten the thyroid 
hormone nlso play their parts Howeser, the liberation of piolactin from 
die hypophysis is initiated by nersous impulses 1 lie hticr, set up in the 
nipple by the act of suckling and contcyed to the pituitary body (through 
autonomic nenes) , constitute probably the most iniporimt single nen 
ous factor in inducing the production arid liberation of tlie laciogcmc 
hormone Suckling also causes tJie pissage of the giJacfogogue principle 
into the circulation But that there are other ner\ous influences tflcrting 
milk secretion can be attested to by any dairyman Contentment of milk 
ing cotss and even music in the stable facilitates the letting dotm of 
the milk, an effect lint is believed to be due at least m part to the 
release of the galactogogue principle and the resulting stimulation of the 
smooth muscle m the walls of the milk follicles and ducts During preg 
mney progesterone is m high conccnintion m the blood and according 
to some investigators, this depresses prolactin production but when 
touard the eml of pregnancy i rather abrupt reduction in the blood 
content of this honnone occurs, prolactin liberation follows auioiTnii 
cally* 


THE PROCESSES OF REPROOUCT/ON 

Maturation of the sex cells or gomeles (sperm ond egg cells) The sper 
maiogemc cells lining the seminiferous tubules undergo mnttintion as 
follows First the chromatin wiihih the nucleus Ibscs its nltlikc armige- 
ment and forms a feu or many threads bars or rods calJcil diromosomes, 

*Some sem-tion of milk into ihc follicles of the mammary ghnet ocnin hcfor^ihc 
cntl of pregnancy b«ff as a rule ic is not iinul ilit* mcruj Iiai bnn emptied that milL 
appears cxtcniall) This milk scaciol before ibC buih of ihe oflspnng and retamet! 
by the gland is jeltow in color and tieamy in cwnsistciicy it Is knowm as colostrum 
(seeaJwip fit") 

^Tn certain abnormal states of Ihc hypophysis asstnated with oserocluity of the 
aniinor lobe such as acromegaly milk mSy be s«en-terl in the absence of pregnancy 
«>r cxtri in males Tins « due pr«iimably h* ihc puKliicuon and liln ration of prolactin 
\lso die mammary glands (f new born infants of cither sc-x simciimcs secrete milk 
Thu was lung known as wUcJi s milk and is now attributed to proUcim m the 
infarit s nrcvlatinn dcnxni Irt m Ihe blond of the mother Ixfuri birth 

The action of prolactin upon Uic crop glands of dnes and pigeons is of especial 
interest These glands scertte a aeamy material witli winch the b nli fcnl their young 
The crop glamls of sirgin pigeons enlarge and secrete an abundance of crop milk when 
injected with a potent preparation of ihe lacttgtnic hormone 
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the number (J6 in man) wncs with but u constant for the speaes (Figs 
4917 49 19) Soon fine lines are seen nitliating from ihe ccntriolcs imo 
the surrounding cytoplasm Tlie siarhke btidtcs thus fonueil soon sep 
rate from one another and mose one to Cither side of the miclciis Each 
chromosome next dmdes lengthwise into two Inhcs wlule the rajs fiom 
each star body are seen to stretch towrard them the whole nuclear strur 
ture being now referred to as the spindle As ific radnting strands of the 
spindle shorten the chromosome liaises are drawn apart and collect 
together at op|>ositc sides of the cell to form two separate nuclei Each 


2 


3 
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half chromosome develops into a romplete chromosome so obviousl) 
eacli nevs nucleus must have the same number of diromosonies as the 
original one The protoplasm betvveen the two nuclei then divides to 
form two separate daughter cells These redivide and their daughter 
cells divide in turn The divisions are repeated through several cell gen 
erations The above description of cell division is termed mitosis and is 
typical of the division of bod) cells in general From now on ihedeveloji- 
ment of the sperm cells takes a characteristic course For a time the cells 
of the last division cease to multipl) but they enter a growth period and 
form large cells called spermatocytes Among these the division process 
recommences but the chromatin follows a dilfercnt course from tliat pur 
sued m the previous divisions The cluomatin breaks into the same 
number of sections (chromosomes) as before but these arrange them 
sehes in pairs and do not diztde lcne.tiiiutse A spindle forms t/ic singles 
of the purs are drawn apart and two daughter cells are formed that are 
converted direcil) into mature spemiatoroa It is clear that eicli of these 
must have just half the number of cliromosomes found in the original 
germ cell This is spoken of as reduction division or meiosis Eggs arc 
formed after a similar fashion from the germ cells of tlie femile repro 
duciive organ Multiplication by mitosis occurs for a senes of cell gen 
erations full maturation being accompanied by reduction division (Fig 
4D 18) In the case of the egg however some of the cells resulting from 
the Bnal divisions are small in sue and do not develop fully but are 
discarded The male and female sex cells after they have undergone 
reduction division are called gametes (Gk gametes, a husband gamete 
a Wife) 

Conjugat on of the egg ond sperm cells The unferiilued ovum in some 
unknown way exerts an attractive force upon ihe spermatozoon whicli 
b) means of the lashing movements of its tail reaches the female gamete 
Tile head of Uie sperm penetrates the ovum A diange m the boundary 
wall of the ovum then occurs that as a rule serves to prevent the entrance 
of other spemiatoroa. The tail of the i>eneirating spenn soon disappears 
leaving the head within the cytoplasm of the egg The result is the for 
mation of a single cell that has a jiowcr for growth not possessed. 
ovum or sjierm cell alone The compound cell commences ^at once to 
divide and redivide into 2 4 8 16 32 and so on Thus is formed a 
cotnjiacl mass of cells which develop structurally and functionally along 
different lines to produce the various kinds of cells from v\hich v 
different tissues and organs are built up Tins process whereby the cells 
develop special structures and functions is called differentiation Ulti 
maiely a new and complete individual is created almost identical vMth 
others of Its species Whether plant or worm fish bird or man nearly 
all forms of life oiher than the very primitive have developed from a 
single cell resulting from the union of sjierm and egg 
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Fig 49)8 Maturot on of the germ cell* ond fert t zot en of the ovum The 
numbers refer to the number of chromosomes IFor s mpl c ty only 2 In the 
gametes ond 4 m the zygolel 


The conjugation of the male and fctmlc Rimt.tcj (o\um and sjtct 
nnlo/oon) u termed the fertilisation or impregnation, of the osiim 
Tlie cell resulting from the union » then spoken of as the fcriilhed 
osiim ousperm orzjgote 

Changes in the nuctet of the conjoined cells Alinoit itnmeihatelj' 
after fertilisation both nuclei commence to cnl irj,e nmve touaid eacli 
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other, come together and finally fuse near the center of the o\ um Fusion 
IS followed by the complicated changes alreadj described as characteristic 
of mitosis Tlie chromatin of each nucleus is not broken up into sections 
at random or m any haphazard fashion but is alua)s divided into pre 
cisely the same number of pieces (dironiosomes) as are found in the 
sperms and ova m the final stage of their maturation Furthermore the 
number of cliromosomes in each nucleus as in each original gamete 
nucleus IS duajs the same for a given speaes and as a result of the 
reduction division aheady describetl is precisel) half the number of those 
in the body cells and in the original germ cells of the reproductive organs 
(Fig -19 18) The fused nucleus must therefoie contain an equal nurnOer 
of maternal and paternal chromosomes and the total number ;ni/jf be 
equal to that in each body cell of the species * By the division lengthwise 
of each chromosome into equal halves the number is straightway doubled 
The hahes he in pairs near the center of the ovum and as in ordinary 
mitosis star bodies appear on either side form a spindle and soon draw 
them apart The protoplasm divides and two daughter cells are formed 
£ach of these has therefore received maternal and paternal chromosomes 
and the number is precisely the same as m a body cell but double the num 
ber in each original gamete. It is clear then that though each gamete con 
tains just half the number of chromosomes cJiaractenstic of the body cells 
of the species the latter number is restored b) the fertilization of the 
ovum and segmentation of the zygote This is a fundamental fact m the 
mechanism of reproduction 

Chromatin of which the chromosomes are composed is the essen 
Hal procreative substance Through it hereditary characters are tnns 
muted and upon it the perpetuation of the species dcjiends \ei ii has 
been staieil that the total quantity of chromatin contained in all the ova 
and sperms from which have been created the two bilhon-odd persons 
inhabiting the globe could have been no greater in size than a match 
head 

Parthenogenesis In some animal forms especially certain insects 
the females ihotigh themselves producetl from a fertilized egg may for 
scKwe geweT-vwcvns Uy eggs tUav vto not Ivecomc fcrtiUted These spcrtulcss 
eggs nevertheless develop into the young of ihe speaes fn other words 
the young of these generations have a mother but no father To this 
mode of reproduction parthenogenesis a term derived from the Greek 
word parlhaws meaning a virgin M applied The drones of the honey 
bee for instance aie developed from unfertilized eggs of the queen The 

♦In somo insects such at Ihc fruit I!) the number of chrom jv mes in ihe b<Ml) 
ttIJj M 8 which Ii rrtl fCtiJ to 4 In ihe fpmetes Jn rtriajji species of worms ihere arc 
12 in It c bo«l> cells and C in tl c « va ai d sperms The mouse the irool and it e llj 
I a\c 21 in ihcir liotly cells ai il 12 in their sex celts Otl cr f nns of animals an 1 plants 
have each a cl aracicrisiic number wl ith may bt as I tv as 4 cr as t ifih as IfiS There 
are 23 chmm< v mes in ihc pamcics < f tl c human race and 46 In the body cells. 
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female ^vorkers of the hue ansc from fertilued eggs tshich ln\c been 
laid about the same time as the unfertilized A frogs egg ihougii under 
ordinary circumstances it must receisc a spermatozoon before segmenta 
tion smII ensue may be induced to desetop into a tadpole bj artificial 
means Pricking the trail of the o\um svith a needle s»ill start segnicn 
tation which ultimately rcsulu in tlie production of a fatherless frog 
Twtnmng There are t\so uajs in whicli twins may be conceited 
(1) b) the fertilization of two separate ora or (2) by the fertilization of 
a single ovum When two ova are feriiltzetl — and this is the commoner 
wa) — the offspring knowm as fraternal twins may be of the same or of 
different sexes and usually do not resemble each other more than might 
any two members of a family When (vvo individuals arc formed from a 
single ovoim the twins are always of the same sex and arc remarkably 
alike They are called identical twins and arc formed by the division of 
tlie cell mass within the ovum into two distinct parts 
each of which develops into a separate cluld I lentia! 
twins are contained vvithm the s.irac amniotic cavity 
and are on very rare occasions joinal together as m 
the case of the Siamese twins Most animals produce 
their litters by the fertili/ation of several ova but in 
some such as the armadillo only one ovum ts fer 
cilizcd and the mass of cells within becomes divided 
into several smaller groups each of whidi dcvelo|« 
into a fetus 

The determinalion of sex It would be an incsiima 
blc boon to animal breeders if the sex of the offspring 
couUl be determined by artificial mcjns or even if it 
could be prcdiclcil Man s ingenuity in this direction 
seems however to be forever checkcti Had human 
interference been possible in the past the history ofnationsnoiloubtwoull 
have run a different course Tlie sex of the newly crcatetl organism is fived 
unalterably at the moment that the spermatozoon fertilizes the ovum 
A pair of chromosomes (sex chromosomes) in llic nuclei of the imnia 
ture sex cells determines whether the zygote shall develop into a male 
or a female None of the other eJimmosomes (autosomes) exercises tl * 
function In the male the sex chromosomes arc dissimilar one callcvl 
the Y chromosome being usually smaller than the other (Fig i9 19) 
The larger one is called the \. chromosome In the immature female sex 
cells the sex chromosomes arc identical ami like tlic male \ chromosomes 
Now when the male sex cells develop into mature sjiermntozoa an 
reduction division occurs — that is when the pairs separate — 1 aU of the 
spenn cells receive \ chromosomes half receive \ chromosomes If a 
sjicrmatozoon possessing a \ chromo>ome conjugates with tic egg * 
male (\\') vvill be provUiccd if the iperm cell contains an \ chfomo- 
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some a female (X\) results OUiousIy it is all a matter of cliance 
uhat the sex of the offspnngivtll be 

\\ hen the gonads dei elop the influence of the testicular or the 
orarian hormone encourages development along male or female lines 
respectively This hormonal influence » sometimes seen in a striking ua) 
m cattle when as a result of a developmental anomaI> in the circulation of 
twin embrjos of opposite sexes the blood of the tuo fetuses is permitted 
to mix. The female embrjo then comes under the influence of the male 
hormone and abnormalities in its generative organs are induced The 
uterus remains undeveloped and masculinization of other reproductive 
structures occurs The masculinized female is called a freemarlm it is 
sterile 

Comparative viability of mates and females Since spermatozoa con 
taming an X chromosome and those bearing a V are pioduced m equal 
numbers and each apparently has the same chance of feriihtmg an ov um 
one would expect that in any large group of matings half the embrjos 
be male and half female But this does not occur more males than 
females are conceived Sucli a primary sex ratio in favor of males has 
been found m all mamaltan species investigated It is 130 100 for cattle 
But owing to the higher mortality of male embryos the ratio at birth — 
the secondary sex ratio— is considerably lower than this it is 106 100 
for man (for obvious reasons the human primary sex ratio is almost 
impossible to determine) Deaths in infancy and childhood arc olso 
higher for males so that at adolescence the number of boys and girls is 
about equal But from this time on females progressively outnumber 
males until at 85 years of age there are twice as many women m the popu 
lation as men 

The sex chromahtt A few years ago it was discovered by Professor 
Murray Barr of the University of Western Ontario that iliere is a micro- 
scopic difference between the body cells of males and females in female 
cells but not in the cells of males the nucleus contains a dot of chromatin 
that IS situated just beneath the nuclear membrane it has been nametl 
the sex chromatin In congenital abnormaluics of sex (see herrwph 
rodwsff) Ch 48) which doubi arises as to whether the subject should 
be classed as mile or female a histological examination of a section of 
tissue for the presence or absence of the sex duomatm enables the true 
sex to be detennmed 

Segmentation of the fert lized ovum ond ihe development of the embryo 
Each daughter cell formetl immediately ificr fcrliliration divides into 
two and cadi of the four cells that result hkevsise divides In tins way 
groups of 2 4 8 16 32 fll etc arc produceil successively So by a 
process of division and redivisioii large mass©, of cells are formed vslndi 
ultimately produce a new individuxl This process ^ hereby the fertilized 
ovum undcigocs repeatetl divisions is call<^ segmentation or cleavage 
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With each cell dnision the dtromatin breaks up Into chromosomes as 
described abose for mitosis cadi diromosome splits into half and an 
equal number of hahes go to each neii. nucleus AH the cells resulting 
from the long series of dntsions that occur in the desclopmeni of the 
offspring must therefore contain the same number of chromosomes as 
did the original fused nucleus of the fertilized os urn and cadi rcceises 
chromatin material from both parents as presiously described 

In the earlier stages of embryonic deselopmeni of the sanous mini 
maltan species cell multiplication follows a common pattern At first a 
rounded mulberrylike mass of cells is formed called the morula (L. 
dimmutise of morus a mulberr)) The moruh soon diUcrentiates into 
an outer and an inner group of cells (Figs -19 20 49 21) fluid collects 
within It The fertilized ovum at this stage is called the blastoqst The 
outer group of cells now pressed eccentrically to form die uall of a sphere 
is called the troplioblast (Gk troflu nourishment + blastos germ or 
pnmitiie form) because through its agenq the blastocyst reccncs nuin 
ment from the mother The troplioblast later des clops numerous fringe- 
like processes that give the o\um a shaggy appearance These processes 
grow larger and become brandied and are then known as chorionic silh 
(Fig 49 22) the outer covering of the ovum from which they arise is 
called the chorion The more centrally situated mass of cells becomes so 
disposed as to form the walls of tsvo sacs— the amnion and the yolk sac 
(see Plates VII6 Villa and Fig 49 21) The cells of the area o\cr whidi 
the amnion and the yolk sac come into contact multiply to form a plaque 
like elevation called the embryonic shield or disc from which the body 
of the embryo is dcseloped The cavity of the imnion enlarges and comes 
to endose the embryo the sac exj and ng until it comes into contact with 
the inner surface of the diorion Tlie yolk sac shrinks and gradually 
disappears 

^\hen the embryonic shield is no more than 2 mm or so in dniit 
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eier us cells become arranged in two lasers separated by a narrow space 
The outer of these layers is called the ectoderm and the inner one the 
entoderm A little later a third layer appears in the space bciucen the 
other no it js hnoum as the mcsorlerm From these three germ laycn 
to gne them iheir collccitse name all the structures of the body are ulti 
maiely formed (Fig 49 25) The ncraous system the greater part of the 
eye the salivary glands ilte shin the epiiheln) lining of the nose and 
part of the mouth and the dental enamel originate from the eeloderm 
The mesoderm gnes rise to the sVcleton and the muscles (both striated 
anti nonstrialed) the heart blood vessels and blood the lymphatic sys- 
tem the kidneys the urinary bladder (yviih the excep 
tion of its epithelial lining) and the conncctne tissues 
From the entoderm are deselopctl the epithelial linings 
of the alimentary and respiratory tracts (exclusne of 
those parts derned from the ectoderm) the epithelium 
lining the unnary bladder and the secreting (epuhelial) 
cells of ilie liter pancreas and of the parathyroid and 
thyroid glands 

The earlier of the changes just described — up to 
the stage of the blastocyst and the development of the 
trophoblast — take place in the Fallopian tube while 
the blastocyst is being propelled towanl the uterus 
by ciliary action and peristaltic movements of the tubal walls Between 
the third and the fifth days after fertiliraiion of the ovum the blastocyst 
enters the cavitv of the uterus Through the destructive effect that the 
trophoblast exerts upon the uterine mucosa and the reaction set up in 
the latter the ovum is enabled to crabcvl itself and like a parasite obtain 
nourishment from the maternal tissue The activity shown by the-^lerine 
mucosa at this time consists of multiplication of the surface epithelium 
and elongation and hyperplasia of its glands together with dtJatatton and 
tvvisting of us vessels A special type of utenne tissue is thus produced 
called the decidua because it is shed after the birth of the offspring 
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(Plate Vllb) These dianges in the emlometruim commence before the 
blastocyst reaches the uterus or after ovulation even though fertilization 
has not occurred (see p 648) They are dependent upon the action of 
progesterone This hormone also diminishes the irritability of tlie muscle 
of the uterus any contractions of the muscle that might occur to disturb 
the secure implantation of the bhsiocyst are suppressed Hyperplasia of 
the uterine muscle as mentioned on page 644 also occurs at this time 
A photograph of a blastocyst in the uterus of a monkey is shown in 
Figure 49 23 

The placenta In Figure 4924 a fetus from about a month to eight 
weeks old is shown within the amnion In the right hand sketch the 
chorionic villi have disappeared except where the cliorion is attadied 
to the uterine wall m which situation they have increased greatly in size 
and complexity They are surroundetl by spongy misses of decidual tissue 
consisting largel) of blood spaces thus the embryonic and the maternal 
tissues are intimately interlocked The chorionic villi whiclx are sup 
plied through a rich vascular system with fetal blood are bathed by the 
mother s blood The structure formed by the union of the maternal 
(decidin) and embryonic tissues is called the placenta When fully grown 
the placenta is a disc shaped mass that occupies a third or so of the 
uterine wall (Figs 49 24 49 26 and Plates VJI6 and \^II6) Though the 



f g 49 23 PSotog oph of 
an 8*doy-old blastocyst of 
o monkey oMoched lo ike 
mucous membrane of the 
uterus The I ghfer a ea 
wthn s the embryo itself 
(From Heoser onef Streeter 
Contribut ons to Embryo! 
ogy 479 Carneg e Inst 
tote of Woih nglan 1937 ) 
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fetal iml nt'iiemsl arcuhitons come into the most tniimate association 
m tlie placenia the blood m the luo sets ol \essels does not mix for the 
delicate walls of the capillaries m the chorionic \illi are interposed 
Oxygen and nutriment liormoncs antibodies etc, are transferred across 
the ualls of the diortontc vessels from the mother to the fetus nhile 
carbon dioxide and other waste materials pass from the fetal to the 
maternal blood Thus the placenta serves the respiratory nutritional 
and evcrecory functions of the fetus 

The hormones of the ploeenia The placenta contains four hormones— 
estradiol, chorionic gonadotrofibtn pro^esteione and relartn Chonontc 
gonadotrophin has a luteuiuing iciion and for a time V’as thought to 
be LSH of the anterior lobe of the pituitary, uhen shoun by Collip to be 
a different hormone producetl by the placenta itself it t\as given the 
rather cumbersome name of anterior pituitary like (abbr APL) hormone 
Chonontc gonadotrophin is found in the unne of pregnant i\omen at a 
very early snges of gcsntion and ujKm its detection the Aschheim Zondek 
test for pregnancy depends These German v\orkers found that the injec 
tion of a small quantity of urine of a pregnant ivoman into a young 
imm-iiure) mouse caused ujibin JOD hours ihe foJioKWg eflecis 

1 Onset of estrus 

2 Small hcmorrlnges into some of the Graafian follicles 

3 Formation of corpom lutm 

ECTODERM 

MESODERM 

ENTODERM. 



Fig 25 The germ layen 
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The Aschheim Zondek test for pregnancy is almost infallible: its 
error is only about 1 percent 

The estradiol found in the placenta is apparentl) manufactured by 
this organ, and does not simply represent a store of the hormone pro- 
duced by the ovary. This conclusion t$ justified bj the obscn'ation that 
in pregnancy large quantities of the follicular hormone continue to 
appear in the urine though the ovaries have been remo\ed 

The fetal circulotion. The fetal heart 
drhes the blood to the placenta through 
two \es$els — the umbilical arteries. The 
blood is returned from tlie placenta to 
the fetus by a single \essel — the umbilical 
sein (Plate VIII&) . The umbilical vessels 
run together, coiled or twisted svith one 
another and covered by a soft j'ellylike 
substance, to constitute the umbilical 
cord. This arises from the body of the 
fetus about the middle of the abdomen! 
its point of origin is marked in life by a 
cirailar, depressed, and puckered area of 
skin called the na%c), or umbilicus. 

The oxygenated blood of the umbil- 
ical vein passes m part through the liver 
to enter the inferior vena cava of the 
fetus, but the greater proportion pours di- 
rectly into this vein, wherein it miitcs 
v%ith blood returning from the lower limbs 
and abdomen The mixed blood empties into the right auricle: most of 
it is then directed through an opening in the inierauncular septum, 
called the foramen ovale, to the left side of the heart, and a much smaller 
part passes into the right ventricle The blood that passes througli the 
foramen ovale, upon reaching the left vcmricle, is discharged into the 
aorta; a part is distributed to various parts of tlie body; the remainder 
is carried by the umbilical arteries to the placenta vvliere it is reoxy- 
genaiecl from the mother’s blood. 

The blood returned from the upper part of the body (he;id and neck, 
upper limbs and thoraac vsalls) enters the right auricle through the 
superior vena cava. It then passes into the right ventricle (without mix- 
ing, apparently, with the stream from the inferior vena cava passing to 
the left auricle through the foramen ovale) Upon reaching the right 
ventricle it is pumped into the pulmonary artery, but only a small pro- 
portion IS distributed to the lungs — an amount sufficient only for the 
nourishment of the pulmonary tissue The greater part is short circiiiied, 
through a vessel known as the ductus arteriosus, into the aorta. Thus, 



Fig 49 26 Usual posinon of the 
fetus shortly before birth 1, plo- 
cento, 2, umbilical cord, 2, uterus 
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the great bulk of the blood deluered to the nght side of the fetal heart 
IS shunted ’ to the arterial side by the short cuts provided by the foramen 
ovale and the ductus arteriosus 

\Vith the first few respirations the lungs of the newborn child are 
expanded and the course of the circulation becomes altered to meet the 
recjuirements of an air breathing oiganism leading an independent exist 
ence The foramen o\ale closes and the channel afforded by the ductus 
arteriosus heroines obJiieraied AU the bloen} readung the right aunde 
IS now directed through the pulmonary circuit The umbilical sessels 
shrink and are comerted to solid cords One or the other or both of the 
circulatory adjustments that direct the blood through the lungs at birth 
may fail to occur Then, 
ouing to the higher pres 
sure of the nrtenal blootl, 
a part of it is druen from 
the aoru into the pulmon 
ary artery if the ductus ar 
lenosus remains persious 
also, should the foramen 
ovale fail to close, blood 
passes from the left to the 
nght auricle These abnor 
malities cause as a rule lit 
lie or no cyanosis But in 
other types of cardne defect, 
such as a large gap in the 
iniersenincuhrscptiim with 
narrowing of the pulmon 
ary artery, there is intense 
cyanosis (so called blue 
babies), lor then senous 
blood passing through the 
gap mixes wth arterial 
bfood 

If (he reader has folloi^ed the rather intricate course of the fetal 
circulation he will base observed that the fetal tissues arc neser fur 
nished with fully artenaitred blood, the blood is always less saturated 
with oxygen than the arterial blood after birth Yet, strange to say the 
blood returning from the plarcnia — lint is the blood m the umbilical 
\em — has a higher oxygen saturation than the maternal blooil m the 
placenta — the only source from which the fetal blood can obtain oxygen 
This (diysiologicai paradox has been explained by the discosery that the 
oxygen dissociation curve of fetal hemoglobin is different from that of 
animals in postnatal life (see Fig 20 6) The oxygen dissoaaiion curve 
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Fig 49J7 A comparison of the d ijociotion 
curves of fetal and maternal hemoglobins 
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o£ the blood of the fetus is steeper thnn that of the mother— that is it 
lies more to tlie left This means that at a given oxjgen pressure (ten 
Sion) the fetal blood absorbs a greater volume of ox)gen than can the 
mother’s blood, or than the babj’s blood will be able to absorb after 
birth (Fig 49 27) Through such a provision the fetus is more ade- 
quately furnished vsith o\)gen than would othenvise be possible 

The law of recapitulation or biogenesis The vertebrate embryo from 
the earliest stages of its development tends to recall, or recapitulate, in 
a more or less vague vvay the forms of its ancestors from a remote period 
in Us evolutionary history This is known as the law of recapitulation, or 
biogenesis For example, the embryo of the human species or of any 
vertebrate commences its existence as two cells (ovum and sperm) fused 
into a single one Some unicellular forms reproduce by a similar pre 
hminary fusion of two cells The segmentation of the fertilized ovum 
with the formation of the morula is identical with that seen m the devel 
opment of many of the most pnmtiive forms of life Again, in the early 
vertebrate embryo, including the human, a series of five arched ndges 
appear in the entoderm of the primitive pharynx on each side Corre- 
sponding elevations are to be seen on the surface (ectoderm) of the neck 
The arched structures have a core of mesoderm, and are known as the 
branchial, or visceral, arches, the depressions or furrows between them 
on the outer aspect of the neck are called the branchial clefts, the fur 
rows (entodermal) in the pharynx between the arclies are referred to as 
the pharyngeal pouches (Fig 49 28) The branchial structures are found 
in all vertebrate embryos From them the respiratory apparatus of fish is 
developed, the tissue between the arches (brandiial clefts and pharyn 
geal pouches) disappearing to leave slits that establish communications 
between the pharynx and the exterior In the fish, the arches (with the 
exception of the most headvvard one, which goes to form the jaw) develop 
rich capillary plexuses that with the supporting tissue constitute the gills 
Water taken into the mouth and pharynx is ejected through the slits, 
and passing swiftly over the gills gives up oxygen to the blood in the 
capillary vessels and receives carbon dioxide m return Obviously a 
respiratory apparatus of this nature would be quite useless to an air 
breathing animal But the branchial arches of mammalian embryos 
which seemingly at first are designed for the development of gills, are 
devoted to other purposes They enter into the formation of the lower 
jaw, the muscles and bones of the face, the structures of the neck ears 
mouth, pharynx and the thyroid and laryngeal cartilages The branchial 
clefts disappear almost entirely, but the entoderm of the pharyngeal 
pouches gives nse to the thymus, the parathyroid glands, and parts of 
the ear and the thyroid gland 

Other examples to illustrate the law of recapitulation such as the 
persistence in the human adult of the useless ear and tail muscles and 
the outmoded vermiform appendix may be mentioned Again, the heart 
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Fig <4?^8 Drow ng of a human embryo A or ihe oge of 5A weelct (about 8 
mm longi and of o monkey embryo 8 of about the some oge UL upper I mb; 

LL tower I mb VC verteb oe C enlarged drow ng of the Tve branch ot orches 
and clefts the inner aspect of the throat reg on h exposed to show the phoryn 
geal pouches 

of ihe early embryo is a simple tubular structure as in fish but later it 
becomes bent upon itscff inif t/esefops separate chambers For a short 
time It closely resembles the heart of an amphibian such as the frog 
possessing a smus >enosus and other features of the cold blooded heart 
As development proceeds the human embryo ascends as it were the 
evoluuonary ladder passing rapidly over the lower rungs more slowly 
over the higher For some time it resembles its mammalian kindred not 
until about six weeks after fertilization of the orura does it show dis- 
tinctly human chancterislics The human embryo jxissessev a tail that 
only commenres to disappear jn the seventh week * 

* V c) II is s* tnci mes burn with a tall but h Is a Icic-lu] me tal annmal) of 
trxiic nc rar u 
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Pregnoncy and parturition PfCgnanqr, or gestation is the term applictl 
to the penod in the reproductne qcle occupied by the groMili and 
derelopmeni of the neir organism nitliin the ^dy of the mother — that 
IS from the fertilization of tlie oaum (conception) to the birth of ilie 
young animal (panuntion) Most of the structural and physiological 
adaptations of the pregnant state such as the fertilization and implan 
tation of the o\aim the enlargement of the uterus and the growth and 
de\elopment of the mammary glands have been touclied upon else 
\shere in this chapter In a book of this scope little more remains to be 
tvTitten 

Pregnancy in the human race has a duration of about 280 days or 
from 9 to 9i/, months From the fertilization and implantation of the 
ovum to the eighth vieek the product of conception is called the embryo 
from this lime until birth it is referreil to as the fetus From about the 
middle of pregnancy onuard movements of the fetus occur of viJucJi 
the moiher is aware* they are refcneil to as i^wicftcmng Sucking and spas 
modic movements of the diest resembling those of respiration have been 
observed in fetal animals The unborn cluld lies within the sac formed 
by the amnionic and chorionic membranes submerged in a fairly large 
body of fluid (liquor amnii) that serves to protect it from sudden jars 
or injuries from the outside world The ammoiic sac fills the uterus and 
IS considerably larger than the fetus itself which is thus permitted a cer 
tain freedom of movement 

Toward the latter part of pregnancy, the unborn child usually 
assumes a position with its head direcietl downward nul most frequently 
the posterior p-irt of tlie head (occiput) jzointing forward and to the 
left (Fig 49 26) It is fined in this jxKuion mto ihe cav’ily of the pelvis 


Fig 29 Showing lh« 
ih fining of ihe lower 
legmeni of the oterui 
and Ihe cTloloi on of 
the outlet during the 
fot ifoge of lobar A 
before the eommence- 
nent of labor; 8 to- 
word the end of the 
fint stage 
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The descent of the fetus is nided %ery materiall) by presious softening 
of the ligaments and capsules about the peUic joints (action of relaxin) , 
uhich are loosened ihcreb) and rendered more pliable Indeed this is a 
process essential for normal diddbirth The birth of the child is brought 
about by strong contractions of the uterine muscle, aided m the later 
stages by voluntar) contractions of the abtlominal muscles The contrac 
tions of the ts'alls of the uterus weak at first and of short duration 
become stronger and more prolonged in an hour or two the) cause 
molding of the infants head and gradual dilatation of the outlet of the 
uterus with drawing up and disappearance of its neck or cervix at the 
same time the sagmal walls become more pliable and distensible Later 
the membranous sac enveloping the fetus bulges into the \agina and 
after a time ruptures a part of the ammotic fluid then escaping Ulien 
the canal from the uterus to the extenor has enlarged sufficienil) to 
allow the passage of the bab) s head the latter is expelled by powerful 
contractions of the uterus accompanied usiiall) by contractions of the 
abdominal muscles The rest of the child s body follows almost imme- 
diately 

For a time the newborn babe still remains attached to the interior of 
the uterus through the umbilical cord and placenta The physician ties 
the cord with tape close to the baby s body and divides ii on the mother s 
side of the tape Not until 15 or 30 minutes later is the placenta itul the 
attached sac composed of the chononic ami amniotic membranes ex 
pellet! The placenta and membranes are commonly referred to as the 
afterbirth Labor or parturition is the term given to the series of events 
bringing about the emptying of the uterus nnd the termination of 
pregnancy 

d consideration of the factors determining the onset of labor The 
termination of pregnancy at the usual time is not due to a single factor 
but to several A sufficient number of these factors are known to enable 
us to draw in outline a picture of tlic mechanism leading to the precipi 
tauon of labor The picture must of necessity be incomplete and many 
details left blank to be Tilled in when more knowledge has been gained 

It has been stated (p G45) that the g^-owth of the menis ceases 
between the sixth and the seventh months of pregnancy this is attributed 
to the rise from this time onward of the concentration in the blooil of 
estradiol which has an inhibitory effect upon the grow th response of the 
uterus to distension But the fetus is growing rapidly at this time and 
the thsiension of the uterus now lakes place in the long axis of the organ 
Tlie tension set up in the uterine tissues tends gradually to compress 
narrov and finally obliterate many vessels supplying blood to the pla 
renta Degenerative changes proceevl in the latter and ihe nutrition of 
the fetus suffers it must be released and lake on a new mmle of existence 
if It IS to survive At the same time theouipiit of placental hormones is 
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reduced and the corpus luteum undo^oes degeneration Thus, the de 
pressing effect of progesterone upon the imnbility of the uterine muscle 
— an effect \ery necessary in early pregnane) — is withdrawn The high 
concentration in the blood of estradiol further increases uterine imta 
biliiy anti thus enhances the tendency of the uterus to contract under 
slight piotocalion Estradiol also raises the sensitivity (lowers the thresh 
old) of the uterus to the action of the oxytocic principle of the posterior 
lobe of the hypophysis A further s\ord should be said about this latter 
pnnaple Its Itberattan ts apparently under nervous control for m am 
mals, stimulation of the vagina or utenne cervix causes coiuracuons of 
the uterus, a response that does not occur if the stalk of the hypophysis 
along which nerve fibers reach the posterior lobe, has been first divided 
An oxytocic substance is found m the blood and urine of women in labor 
though there is a strung suspicion that this substance is derived from 
the hypophysis such has not been definitely established For this reason 
it is not possible to estimate accurately the importance of the oxytocic 
pnnaple of the pituitary body in the mediamsro that brings on labor 
Furthermore, though labor is sometimes prolonged and difficult in am 
mals after hypophysectomy, in other cases the young are born easily and 
within the usual time It can therefore be said at any rate, tint the pitui 
tary pnnaple is not absolutely essential to the labor mechanism (sec 
Fig 49 30) . 

increase in estradiol causing 


1 CESSATION OF UTERINE GROWTH 

2 INCREASED IRRITABILITY OF MUSCLE 

3 INCREASE SENSITIVITY TO OXYTOCIC PRINCIPLE 



Fig 49 30 Diagram summoriz ng the factor* lead ng to the onsel of labor 


A few facts in the physiology of the fetus and the newborn child The 
beating of the fetal heart can be heard in the later part of pregnancy 
by means of a stethoscojie placetl on the mother's abdominal v'all over 
the uterus The heart rate runs from HO to 200 per minute In the new 
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bom It IS around the fornier figure The resjurauons of the neuborn are 
from 30 to 35 per mmuie as compared svith the adult rate of from 18 to 
20 The liver as well as tlie ktdne)s of the newborn are (imctionalh 
immature The infant s urine like that of certain loi er orders of animals 
(for example the frog) tshjpotonic indicating that fheabtluj possessed 
by the adult kiclne) to concentrate the glomerular filtrate has not vet 
been acquired (see Ch 32) The high erythrocjie count vsith vvhidi the 
baby comes into the world and the difference between the hemoglobin 
of the fetus and that of tlie newborn or of the adult have been mentioned 
elsewhere The destruction of the excess of red cells shortly after birili 
combined with the functional immaturity of the liver accounts for the 
slight jaundiced tint of the skin sometimes seen m the newborn infant 
The intestine of the newborn contains a dark brown or black tarty mate 
rial known as meconium it is quite sterile and for this reason the baby 
if u does not receive vitamin K. from the mother in sufficient amounts 
before birth may suffer from heniorrhagcs that are sometimes fatal (see 
p 162) After the first day or so of the infants life the danger passes 
for by this time bacteria capable of synthesizing the vitamin have reached 
the intestine in the food or have been cametl from the mouth m the 
saliva the hemorrhagic tendency is thus corrected 

Most unconditioned reflexes are well developed at birth The accom 
modation reflex of the eye however is usually in abeyance and since 
the corticospinal tracts of the brain and spinal cord are not fully dcvel 
oped the plantar response is of the extensor type (Babinski response) 

The puerper um or puerperal perod This is the period following the 
third or final stage of labor dunng which the mother is recuperating 
and the uienis with the other stniciures of the birth mechanism arc 
being restored to the nonpregnani state Immediately following the ex 
pulsion of the placenta and fetal membranes (afterbirth) the uterus 
contracts down to a firm rounded bovfy that can be plainly felt by a hand 
pressed upon the mothers abifomen This strong gripping contraction 
compresses the open mouths of blood vessels and vasailar spaces m the 
uterus and is essential to prevent excessive bleeding Intermittent uterine 
comraciions at th/s i/me may he thsiress/nf’ly piinfu} ( after {>3ins } In 
the days that follow tJie uienne muscle shrinks the redundant tissue 
being absorbed and the uterus returns nearly to its virgin si/e This 
process which is called the involution of the uterus is accompanied by 
a gradually lessening vaginal discharge consisting chiefly of bloixl and 
endometrial debris. The completion of the process of involution wliicli 
takes from 6 to 10 v\eeks marks the end of tlie piierjieral pcnotl 

The secretion of milk becomes well established usually by the end of 
the first day or so and if the baby is put to the breast the act of suckling 
stimulates contractions of the uterus anil cncoungcs its involution 

The two diicf dangers of the puerperal period arc hemorrhage and 
infection 
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Pronuncaton The ^o^\eI sound of an accented syllable is indicated 
by the position of the accent mark, if the \o\vel is long the mark imme- 
diately follows It if short the mark follows the consonant Thus m 
abscess the a is short whereas m adenoma the o is long Vowel sounds 
in all unaccented syllables unless othensise indicated are short Furtlier 
information or pronunaation is given by the mark “ or above the 
vowel letter or in parentlieses following the word 

Plurals are given after the word 

Dertv-ations are within brackets The derivation of a word tint has 
come into English unchanged from another language is indicated by 
the abbreviation for that language The following abbrevntions are used 
F French Ck Greek Ger German L Ln!in ME , middle Fnghsh 
Med medieval OE old Cngitsh, fr from prec preceding (item) 
foil follouing 

Only words not described adequately in the text are listed 

a an (privative Gk negative meaning the absence or rimoiil or something fr 
L. privatio deprive] Used as a prefix (a before a consoinnt and on 1 cforc a 
voiveJ) in words derived from the Creek to indicate negiiion 
ab [L from] \ pref x ineaiung iway from off 

abdo'men (LJ The Jaigc cavity below the dnphragia the belly Abdomen n 
an incorrect pronunciation 

ab'sccss [L. abseessus going away] \ ctrcuiuscrilicd area of icsvtic usually ac 
companied by Uic signs of acute mnammation and conuining pus Col I 
abscess IS one not showing the onfinary st^ns of inflammation it is usually 
tubcrcu/ous 

accessory food faciors Old term forvitimms 

acidophil aadophile [an f + Gk pltlos foud] ftaving an affinity for and 
oxyphil 

adiptation The fiilurc to rv-spoiid to a stimuUis tint lias been ipplinl re 
pcatetll) for some time Th « the ticking of a clock is after a time unper 
ccivcil ind the pressure and rutbiiig of the clotbcs ig iiist tbc skin u dis 
rcgirdcd 

ideno'ma [Gk ndcn i glind + omn imlicttmg a tumor] \ tumor of glandular 
tissue 

adrciialcc'tomy [adrenal + Ck el tome cxusion] Removal of the idrcml glands 
adrenolytic [adreno (edretml) + Gk /i«r (!}/ } soUitioti] Referring to ibe 
icuon of ceruin vgents that 'viinul the effects c f adrenaline 
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adsorption [L. ad to + L. sarbeo to suck up] The attraction arid adhesion ot 
minute panicles to the surface of a solid 

xgoph'ony oix (oig) a goal + phone loicc} The sound like fl goat bleaung 
heard in auscultation of the chest in certain diseases of the lungs, 
aero'bic (Gk acr air + fcioi life manner of living] Referring to respiration and 
other processes earned on in the presence of oxygen 
ag'minated [L. agmen (agmin) a mulutude] Aggregated arranged in clusters, 
agno'sia [Gk ignorance fr a prtvm\e + gnosis knowledge] A condition allied 
to aphasia due to a cerebral lesion m which the patient does not know ilie 
meaning of the sounds that he hears (auditory agnosia] or recognize die 
nature and use of ordinary ihinp that he secs (vuual agnosia) though his hear 
ing and sight may be perfea 

agran'ulocyio'sis [Gk a pnsiUve + granulocyte + osir a state or condition] A 
disease often fatal characterized by an almost complete absence of granulo- 
cytes from the ctrculauon Since these cells are of sucli importance in die 
defense of the body against the inroads of bactena severe uncontrollable in 
feaions may result The disease is often caused by certain synihetic drugs or 
antibiotics that poison the bone marrow and suppress its function 
agraph'ia [Gk. a pnvitive + grapho to write] A condition allied to aphasia in 
which the patient cannot express himself in wniing or wntc from dicta 
tion 

aldos'terone A steroid hormone obtained from the adrenal cortex that has a 
more pronounced elTect Uian has desoxycomcosierone upon the niccabolism 
of water and salts (sodium and potassium) 
al lergy [Gk. fl/foi other + ergon, work] Hypersensmvity to certain agents eg., 
pollen in hay fever 

ahe'olus of tooth [L. diminutive of eheus a trough] A tooth socket 
amne'sia [Gk a pnviuve -f mne/ne memory] Loss of memory due to a cerebral 
lesion or from any cause 

am'phi ampho- [Gk on both sides around both) A prefix in words of Greek 
origin meaning on both s des, around, surrounding i»th. 
amphoier'ic [Gk. amp/io boUi] Referring to compounds such as the ammo aads 
dial can act either as an and or a base, depending upon die pH of the medium 
in which they are dissolved 

ampuHa [Gk a doublehandicd bottle] A saclike dilatation of a tube or canal 
eg a semicircular canal of die inner ear 
ana [Gk up] A prefix in words of Greek ongin meaning up 
anabolism [Gk anaboU a building up fr ana up + bole to throw] Themeta 
bolic processes involved in the syndiesis of compounds, as m growth 
anaeroTiic [Gk. an pnviuve -f aerobic^ Referring to respiraUon or other process 
earned on m the absence of oxygen 

an'alogue [fr Gk. ana logus analogous] An organ or part, of one speaes that 
though ditfenng more or Jess in structure from that of anod'cr species is 
similar in function eg the hoof of a horse and the fore part of the human 
foot. 

anastomo'sis [Gk. to furnish with a mouth (stomaj] The juncuon between the 
branches of two nenes or anenes either product naturally in development 
or by surgical operauon or the surgical union of two hollow organs eg 
intesune to stomach intestine to intesune ureter to colon etc. 
an'drogen [Gk. aner (and) a man + root gen to produce] Any compound unit 
exerts an effect like that of the male hormone testosterone 
an'eurvsm [Gk aneurysma an aneurysm fr eurys wide] A localize usually 
saccular or fusiform, dilatation of an anery with weakening of its wall /irleno- 
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venous aneurysm communication between a Iirge %ein and an artery sMlh 
a local dilatation of die former 

angi'na [L a sore tfiroatj Sore throat or severe pam from any cause 
angi'na pedtons [L. pectus (peetor) the diest] Severe often agonizing pain in 
the chest radiating down the feft ann due to disease of die coronary arteries 
resulting m i deficiency m the oxygen supply to the heart muscle 
ankle cfo'nus A rhydimical contraction of the calf muscles m a subject of spastic 
nervous disease caused by sudden dorsiflexion of the foot, 
ankle jerk A sharp plantar fiexion of the foot following a tap on the tendo 
cnicaneous 

an'nuIar[L.(Jnnufuj anng] Rmgshaped 
anorex'ia [Gk an pnMtne + orexia appctitel Loss of appetite 
ante [L. before] A prefix in words of Latin derivation meaning before m 
front of 

anteflex'ion [L. ante before forward 4 flexio bend] A bending forwani ante- 
flexion of the li/erur bending forward of the uterus upon itself at die junc 
tion of the cen ix w iih the body 

antever'sion ]L ante before forward 4 versio, to turn] Falling forward of the 
uterus as a whole without bending upon itseff 
and [Gk against) A prefix meaning against opposite antagonistic 
antiketogen'ic [L. an(> against 4 kelo f *te} 4 root gen produce] Indicating 
an action of certain fo<^s cspeaally glucose in antagonittng the tendency to 
ketogcnesis 

apha'sia [Gk. a privicive 4 phasa speech] A speech disorder due not to any 
paralysis of the muscles normally involved in speech but to a lesion of the 
part of the cerebral cortex concemcti vvith the memory of words or of die 
motor mechanism of articulation There are several types motor visual audt 
lory etc In motor aphasia due to a lesion of die jioslcnor and inferior part 
of the fronul lobe the patient though he may understand spoken and written 
words cannot speak some or any words In visual aph isn the ability to rccog 
Hire pnnferf or wntren north « lose and in lucistaiy tp/tasta c/tf prcmtc does 
not understand what is s.aid to him 

ap'o- (Gk tram] A prefix to words of Creek origin meaning from away 
from off 

aprax'ia (Gk <r pnvitive + pratlo to do] The inability to perform a gncti act 
at will or when commanded to do so this is motor apraxia In senrory apraxia 
the patient does not comprehend tfie use of an object when gnen a pencil 
for example and asked to use it he may attempt to brush his teeth with it 
or to smoke it like j cigarette 

arbonia'tion (L. arbor, a tree] Fibers arranged in a pattern like the brandiiUnS 
of a tree 

archen'ieron (k) [Gk archc, beginning + enteron intestine] 1 he cavity of the 
gastzula 

arrect'or muscles [L arrector, to raise] Smoodi muscle in die skin attadicd to 
dieshafu of the hairs. 

nnhro'dia [Gk a gliding joint] A joint dm permits a sliding or gliding move 
ment only 

arth'ui phenomenon A localized anaphylactic reaction when a scnutizeil 
rabbit is injected with die antigen necrosis ocairs and a sterile abscess 
forms at the sue of the injection 

asci tes [L. fr Gk askos a bag) An abnormal and excessive collection of serous 
fluid m the peritoneal cavity as may occur in hepatic renal or cardiac disease 
atax'ia (Gk a, privitive 4 toxia onler arrangement] Muscular incoortlinauon 
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atre'sia [Gk. a pn%ttive + a hole] CongeniLiI absence of an opening (eg 
die anus) or pailiological closure of a normal onfice 
at'rophy [Ck a pnsiuse + IropAe nounshftient] Reducuon in ssk of any oigan 
or tissue due to shrinkage or wasting of its parenchyma which u largcl) or at 
least in part replaced by conneeme tissue, 
aur'iclc [diminutne of L. auns ear] The pinna of the ear or the older term 
for an ainum of the hearL 

ausculta'tion [L. avscvlla (atta) listen to] A method of examination in which 
the examiner listens usually with a stethoscope for sounds within the cliest 
or an} other part of the body 

aut'acoid [Ck autos (o) + akos a remedy] An active pnnaple secreted by one 
of the endocrine organs it may beeitlicra honnone or a chalone 
auto* [Ck aiiioi self] A prefix in words of Creek ongin meaning self 
auiotransplanta'iion The transplantation of an oigan or die grafting of a tissue 
into anodier part of the same body The tnnspbntcd structure has a good 
chance of surviving 

aux'ins (Gk. auxo to increase to cause growth] Plant hormones that promote 
growth and development in plants. 

avitaminosis [Gk a pnvitive + vitamin 4- osu a state or condition] DeCaency 
nf one or other of several vtpmins thus one may speak of avitaminosis A 
avitaminosis Sj etc 

az')gos[Ck.e pnvitive + 2 ) gon 3 yoke] Single unpaired. 

Cabm'ski response Extension of the great toe upon gently stroking the inner 
side of the sole vntlv the finger or a pencil It is seen m ccruin nervous div 
eases eg interruption of the corticospinal tracts. The normal response to 
such a stimulus is plantar flexion of the great toe 
bacterial ysm [foil ] An agent that causes bacteriolysis some formed id the body 
act speafically upon the type of bacteria that causes a certain disease 
bactcnol yiis [bacteria + Gk. lysu soluuon] Destruction of bacteria by breaking 
up or dissolving the cell 

baacnostat'ic [bacteria + Gk slatikos causing to sand] Referring to agents 
eg sulplionamide drugs and antibiotics dni do not destroy bacteria or do 
so as a secombry effect but interfere v«iih some normal and essential process 
in the bacterial cel! and thus arresi or inhibit iheir multiplication 
bel [after Alex Graham Bell inventor of the telephone] A unit of loudness. 
bi Ins* [L. twice] A prefix meaning twice double. 

biap^ial [L. b/ceps (cipitis) two-headed] Relaung to any structure with two 
heads eg the biceps brachii or biceps fcmoris. 
bicij/ital groove The groove on the anicrior surface of the humerus between 
the vulvttosvtses that the tendon of the biceps bnchii 

bicus'pid tecih Premobr teeth. 

bihvcr'din fL. bills bile + F verd {L. mndis) green] A green pigment in bile 
derived from the oxicbtion of bilirubin 

biotm [Gk bios life] \ factor of the siamin B complex that neutralues the 
effects of a poisonous protein m egg white called amdin Animals fed a diet 
with a high percentage of egg white and deprived of biotin develop a severe 
skin condition and other symptoms. Biotin deficiency in man apparently does 
not occur 

bbs'tub BlastocysL 

bleeding lime The interval measured in minutes, elapsing between the momcM 
that blood appears from a pnefc of the skin and when it clots, as determined 
by dabbing the wound wiUi a scrap of filter paper 
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Bohr effect The action of carbon dioxide in causing a shift to the nj;l t of the 
oxygen dissociation curve of blood that is in reducing the afRnit) of hemo- 
globin for oxygen 

bolus [L a iluosv a choice morsel] A masticated mass of food in the mouth 
ready for swallowing or in the esophagus or intestine that is mo\ed along 
die tube by peristalsis 

bneh'y (Ck braehys sliort] A prefix in words of fircek origin meaning short, 
bradycat^dia [Gk bradys slow -I- Aonfio the heart) Unusually slow acuon of 
the heart 

brain case The part of the skull that encloses tlie bram 
bronchioli'tis (k) Inflammation of the broncliioles. 
bronchi us (k) Inflammation of the bronchi 

cal'afy [L. calx hme + facia male] To harden a tissue siidi as the arterial 
wall in arteriosclerosis by the pathological deposition of insoluble s.ilts of 
calcium or the incorporation of calcium into cartihgc or membrane in the 
normal formation of hone 

calculus [L a pebble] A stone formed in any organ (usually hollow) such js 
the gall bladder ureter urinary bladder sahs-ary duct 
canaliculus [diminutive of L. canahs a canal] \ minute canal 
can'thus [Gk The junction of the ejehds at the outer and inner angles 

of die eye 

car'dia (Gk Aardio] The canliac orifice 

casira'tion [L castro (•atus) to deprive of genital organs] Excision of the 
gonads either male or female 

catab'olism [Gk cala down -t- (oli ilirou] The mctaliohc processes involved in 
die breakdown of conipouiids to simpler ones see anabohvm 
ca(al)Sif (GL cata down + l)ut soUihaii <lis$olut;n»] The pneow iihtrehv 
certain agents (eg enzymes) while not entering iiitimatd) into i clumicil 
reaction or forming part of the final product increase die speed of the 
reaction 

celiac (sc liak) [Gk Aoiha belly] Rclaung to the dlxlonien 

cclluh'us [L. cellula a cell + itu meaning inflammation} Inflammation of con 
nectivc tissue 

eerebroside (ser'ebros d) A hpid coniaiiiing the sugir gal iriosc 
clialone (kilon) [Gk clnlw to relix) An inlcnial secretion with an inhibitory 
action eg enicrogasirono 

chem'orccep'ior A receptor is in tlic carotid body that responds to chemical 
stimuli 

Cheyne^^ tikes resinrattan (clnn stoks) l/i jimorms) i)j>e of lirathiiiff ocaimng 
in grave disease m which the rtspiraiinm increase progrcssivclv in depth and 
vi^or to a maximum then diminish igam ami fiinilv cease (apnea) for a time 
T he return of the hriathing marks the licginiuug of anodier cvcic 
chlor'ophyll [Gk cl loros green + plyllon a leaf] The gneii pigment of plant 
life til It functions in photosynthesis it is allied to hemoglobin 
choana ae (kn an ah) [Gk el oane a funnel] A funnclhke passage sucli as the 
posterior apertures of il e nasal cavities 

choline (kolcn) A factor of the vinmin B complex a deficiency results m 
fatty liver Deficiency however docs not appear to occur in mm 
chorda tym'pam nerve (kor'di) [L. clorda a clionl or string -» txrnpam of die 
tympanum (fr Gk txrnpanon a drum)] V branch of the facial nerve that 
passes dirough die tvanpanum of the car and sujiphes die submaxilliry gland 
and die anterior part of the tongue (taste fibers) 
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cliromafTm (kromafin) [c/irom (tc salts) + L. affints (fr ad + fin$s boundary 
end) meaning attraction] Having an affinity lor the salts of chromic aad 
eg the celb of tlie adrenal medulla and of the carotid body tliat are stained 
yclIovMsh brown 

chro'matid One of tlie parts resulting from the longitudinal splitting of the 
diromosomes in tlie prophase of mitosis, 
chro'moproteins [Gk. chroma color + pro/cin] Proteins whose molecules contain 
apigraenigroup eg hemoglobin 

dironaxia chronaxia (kron-ak se--i kron-ak sc) [Gk. d ron os time + axia value] 
The lengtli of time measured in thousanddis of seconds required for an elec 
trical stimulus to act m order to excite a tissue sudi as nerve or muscle when 
the strength of the stimulus is twice Uut of tlie rlicobase 
cicatrix acatres (sik a tncks sik'a irci) [L. scar] \$car 
cir'eum [L. around] A prehx meaning around surrounding arcular 
donus [Gk. c/onor a tumult] IiiteTmittcnt rapid contractions of a group of 
musdes or generalized convulsions consisting of such contractions. Adjective 
ctonic 5ec Ankle donus. 

coagula'iion time Tlie time cbpsing between the instant tliat a sample of blood 
IS collected and die appeamice of die first signs of dotting Tliere arc a num 
ber of methods for deiermimng tins but wiiatevcr mediod is used die con 
dttions are standanlizcvl so that all resulu b> diat method are strictiv com 
panble The ovagulaiion time of human blo^ is normally between 5 and 4 
minutes. 

coelom (sc'Iom) [Gk Aotloma a hollow] The oviiy of the embr)o formed be* 
iwccn die lajers of the mesoderm and from which die penardnl plcunl 
and pcntoncal cavatics are developed. Tins is die infru-emluyonic eoelom it 
commtiiiicaies with the avtty of the chonon which is ailed the extra-embry 
onie coelom 

color index An index employed in distinguishing between different t>-pes of 
anemia tliat expresses the relauve quamicv of hemoglobin m each red cell It 
IS a quotient derived from the following fraction 

hemoglobin in percent of normal 
number of red cells per mm of blood in percent of normal 

The index is I 0 m normal blood above this in hj-perdiromic anemias, and 
below m hjpochromic anemias. 

com'missure [L. commissura a joining, a seam] Any band of fibrous nervous. 

or odier tissue that joins tw o pans of (usually) similar structure 
compicmcntal air The volume of air that an be inspired above that of a normal 
onfinary inspiration 

congenital [L. congenitus bom with] Relating to any disease condition struc* 
ture etc present at birdi 

conjugated proteins [L. con jugo (fugalus) join logedier] Any protein con 
taming in its molecule a pigment, arbohjxlnite lipid nucleic aad or other 
nonprotein group e g hemoglobin gljcoproiem nuclcoprotein 
convection [L. convelo (leclus) any or bring together] The diange in die 
positions of parudes in a gas (eg air) or liquid aused by temperature the 
healed partides nsing while the cooler partides being heavier fall. Thus, 
convection currents are set up 
corpus corjwra [L. body] A body 

cor^icx [L. Ixnrk] The outer part of a strocture that is disunguishable from the 
more centrally placed tissue — ailed the medulla 
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crepila'tions [L. crepo to latlle] Fine gnting ntlling or crackling soundj 
characienstic of certain nles or the gncty gnnding or dicking sciisatjon 
given to an examiners fingers laid upon a fractured bone Hiey nre causeil by 
the fragments rubbing upon one another and can usually be felt by tlie 
patient himself 

cnb'riform [L. criftriim asie\c + /onna form] Pcrforatctl sievelike 
crossing oier Tlie interchange of chromatids betM’ecn tltc memhers of a chromo- 
some pair that occurs in the prophase of mitosis, 
cum com co-(L.with} A prefix meaning wall combined joined. 
cQnc iform (L ctineus a wedge + forma form] \V edge shaped. 
c]:st (Gk kyslu a bladder] ^ny saclike structure 

cfsli ns [Ck kyjlu bladder + ttu meaning inflammation] InHammaiioti of the 
urinary bladder 

cjtology [Gk kylos cell (hollow) + logos woni, discourse treause] The study 
of cells histology 

c5iolysts[Gk A)tos cell (a hollow) + /)sa, breaking up soluuon dissolution] 
Disinic^raiion solution of cells. 

deamina’tion dcaminira'iion [L. de from -h am (fr ammonia)] The splitting 
off of an amino group as from an ammo aad 
decibel (des i bel) [L. deci (abbrev deennus) ten + bcl\ One tenth of a bcl 
deciduous (desiduus) [L decido to fall down] Pcrtaininn to .in>lh)ng thil 
falls of! or is discarded eg the first set of tccUi or die pan of die ende^ 
metruim diat is shed with die placenta or during menstruation 
delijdration (L. de from + Ck fydor viater] The removal of water from the 
bmly or from any structure or substance 
del told Shaped like the Greek capiul letter delta (A) 
demal [Gk. derma die skm] Perutnmg to die skin 

dermal bones [prec.] Bones forming vault of skull developed m membrane just 
beneath tlie skin 

desqaama'tion [L de from + stjuama a scale] The shedding of die superficial 
layers from the surface of die skin or of any part covered by sijuamous epiUic 
hum 

deutoplasm deuteroplasm (du to-plann) [Gk deutero second + plasma a somc- 
diifig formed} The nurritne jolk of an egg If is very small in die oia of 
mammals but rchiively enormous in tlie qsjs of birds. The rest of die >olk 
from vvliicli the embryo u developed is called die qtopbsm or die forma 
hie yolk 

di dis- [L. apart sundering into two pans two] A prefix meaning two or 
scp.aratjng jiiio two. 

dta [Ck. dirough] A prefix meaning through in different directions, or com 
plctely 

dIathVsu [Ck an arrangement] A constttuuon predisposed to some disease or 
abnormal suite 

dichotomy [Ck dtcla in two + tome, a cutting] A brandling into two hence 
did olomnus in rcfemiig to such a division 
dicrot ic pulse [Ck ditroios fr di two + erotos a beating a pulse] \ iJTt' * ^ 
pulse occTiinng iii fj^ihoid fever and certain other conditions associital with 
low blood pressure and lax arterial walls, m whicli the dicrotic wave (orch 
nanly not palpable) can be felt as a distinct tap following die mam piilst 
wave 

diploe [Gk feminine of dipfo ts double] The cancellous layer of bone lying 
bciucen die two layers of compan bone of the craiijum 
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dip'Ioid [Gk (Itplous double + eidoi resembling] The double number of diro- 
mosomcs diaractcnstic of the immature sex cells die zygotes and the body 
cells generally see Haploid 

dominant [L fr dominus n master] (1) Relating to an hereditary character 
•whidi appears m die offspring and masks another character called recessiie 
though the gene carrying die latter has also been transmitted (2) Relating 
to the cerebral hemisphere svhidi determines n„ht or left handedness. Thus 
the left hemisphere is dominant in right liandt^ persons and the right hemi 
sphere in those wlio are left handed 

drop'sy [Ck hydrops an abnormil colleatoii of fluid in a tissue or cavity] An 
oW «rm tor tdcra-\ or asciles and Mitt to poputar me any abnormal and exces- 
siie collection of fluid in die tissues or a l^ty easily 
dyne [Gk ffyrnimiJ force] Aiimi of force defined as that sshich acting on a mass 
of 1 grant for 1 second causes an accelention of 1 cm per second 
dys [Gk bad difficult] \ prefix in words of Greek dcrnauoii meaning difficult 
bad abnormal or distressing 

dysarthria (Ck d>j Ind + atthroo articulate] Difficulty' m speaking due to 
weakness or paralysis of die muscles of articulation or to stuttering or stam 
mermg 

dyspha'gn [Gk dys bad + phagein to eat] Difficulty in swallowing oinng to 
pain or tny other cause 

dyspnea [Gk dys difficult bad + pnoe breathing] Difficult distressful or piin 
ful breathing 

BC.ex [Gk ehlos without out of] A prefix meaning out of outside removal of 
ectop'ic [Ck fk out + lopas a place) Mispbeed not in die normal situation 
eg ectopte gestation pregnancy ocaimng in a uterine tube or in the pen 
tone'll cavity 

edema [Gk oidema a swelling] An abnormal increase in tissue fluid especially 
in die subcunneous tissues causing a puffy swelling of d e part which when 
pre&sed w'ltli a finger or diumb shows a hollow imprint due to the temporary 
dispersal of die fluid 

elbow jerk A sharp contraction of the tneeps tnusdc caused by tapping its 
tendon of insertion 

elec'irocor'iin [e/rrfro (abbrev electrolyte) + cor/m] Aldosterone 
em'bolus [Gk. a wedge or stopper] A dot mass of agglutinated cells a piece of 
fibrin etc carried m die blo^ stream md blocking a sessel 
emTiryo [Gk embryon fr en m + bryo be full to swell] The developing organ 
ism from die fertilization of the osiim to emergence from the egg as m birds 
in man the product of conception from the second to the eighth week of 
pregnancy 

embryology [Gk embryon (prec) + fogoj tieause discussion word] The study 
of the dev elopmeni of die embryo and fetus 
cmpir'ical [Gk empemhos experience] Not based upon any known scientifir 
fact but purely upon expenence 

cmpye'ma [Gk empiema suppuration fr en m + pyon pus] Pus in any cavity 
but especially in die pleural cavity 

cndem'ic [Gk. endemos a native fr en in + demos the people] Rcbting to a 
disease of which one or more cases are always present in the particular district 
under consideration 

endo [Gk endo within] A prefix meaning in widiin 

endog'enous (j) endon, widiin + root gen beget produce] Formed within 
the body 
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en'tcTogastro'nc [Gk- enieron intestine + gaj/«?r belly] A principle (chalonc) 
formed in the mucosi of tlie duodenum whidi under the influence of fatty 
materials in the chyme passes into ilic blood stream and inhibits the secretion 
of gastric juice and the moiementsof the stomach 
cphebiat'rics [Ck ephebos a youth coming to manhood + w^nAos medical treat 
ment] The brandi of medicine concerned 'uitli matters relating to puberty 
and adolescence see Geriatrics Pediatrics 
cp'i [Gk upon] A prefiK meaning upon above on top of the upper side 
ep'izo'ic [Gk ept on + loon an animal] Living parastically on the body surface, 
cp iioot'ic [prec.] Relating to an epidemic disease in animals, 
erg [Gk ergon work] V unit of work defined as that performed m moving a 
mass against a forre of I dyne 

cs'irogcn [Gk. oiitros mad desire + rtvot gen produce] Any substance that in 
duces effects similar to those of cstodiol 

evagina'tion [L e out + vogma a slicath] The protrusion of the wall or other 
part of any structure 

exfolia'cion [L. ex out + /o/ium a leaf] Tlic shedding of superficial parts of any 
structure especially m lasers or sheets a form of desquamation 
ex'oenne [Gk exo outside -+ Artno to separate (secrete)] Rcheing to an external 
secretion eg saliva gastric juice etc that is secrcfcil onto the surface of 
the body or into one of the body oviiies 
exog'enous (j) [Gk exo outside root gen protiucc] Fonned or ongimiiiig out 
side the b^y 

exophthalmos [Gk ex out + ophthalmos die eye] Protrusion of die eyeballs 
beyond Uieir normal positions. 

ex'teroccp'tor [L extents cittsttic extermi + ceplor a receiver] One of the end 
organs receptors (e g., of touch) on the skin 
ex'terofcc'tive [L. exlertis outside + facto do] Professor Cannons term for the 
cerebrospinal nervous system as opposed to the interolective (or autonomic) 
nervous system. 

ex'udaie [L ex out + s«ditre to sweat] A fluid or semifluid material eg serum 
or pus which flows or cores from my part. 

falcifoim (fSl'siform) [L. falx (fale) a sickle + forma, form] Shaped like a 
sickle 

fecunda'tion (k) [L. fecundo (-atus) make fruitful] Fertilization 
fenes'tra [L. a window] A window eg fenestra ovale (fenestra vestibuh) of the 
internal ear 

fe'ttis foc'im [L. offspring] Tlie unborn offspring from the eighUi week to the 
tcnninatioti of pregnancy 

flbnl'la, ae [L ftbrilla thminutive of a fiber] A minute fiber 
fTbrilla'tion fprcc] Fine contnaiom or iwucliings of muscle due to mde* 
pendent activity of the separate fibers It occurs in dcgencniing stclcul mus- 
cle in canliac muscle m electrocution as a result of poisoning by certain 
drugs and just preceding death from almost any cause 
rila'ment [fr L, /i/iuwi a ihrc'id) \n extremely fine fiber or threadlike structure 
fi'Iiim lermina'Je [L. termiml thnndj A slender filament that descends from 
tbe end of the spinal cord to die tcrmin'ition of the vertebral canaL 
fimTiriatcd [L. /'rnina a fringe] Fringed or like fringe 

fis'iula [L. a pipe tube] An abnonnal passage leading from an abscess cavity, 
or any hollow organ or part to die exterior 
foreign proicin A protein not naturally present in the body” eg a scf,etab!c 
protein or one from nnoihcr species it acts as an antigen 
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fos'sa [L a trench or ditch] A depression ustiill) m a l>one ant! lonj^uiidinal m 
shape 

funic'iilus (k) [dimtnutnc of 1_ fums a cord] A cord or cordhke structure such 
as the umbilical or spcnintic cord 
fii'siform [L. /lijui a spindle + /orma $Iiape] Spindlcshaped 

Gasse'nan ganp'hon Semilunar gaiiglion 

gas'irula ]fr Gk ^nster bell)i] The embryo in the stage of desclopmciit i\hcn it 
consists of 1 sac ssith a double byered Vi'all tlie inner layer is liic endoderm 
the outer die ectoderm 

gene [Gk root gen beget] One of tlic thcoreiica] pariicJej of a cJirf>nji)w>mt 
tint carries an hercdinry character 

gen’cra'tne [L. generare beget} Capable of rcprotluetion of procreation 
gcnet'ic (Gk genem {-eitc) gcneriiion] Relating to heredity 
genet'ics fprcc ] The study of the bus anil processes of heredity 
ge'noiype [Gk genos birth + />/>«! an imprint] The genetic constitution (com 
bin ition of genes) of an organism 

gc'nus [L birth descent] In the classification of animals or plants thednision 
next ahose the species ic below the Familv or the Trilic 
genat'rics [Ck gerion an old man + w/nAoi medical care] The branch of 
medicine concerned asuh nutters pertaining to oW age see Ephcbiatrics 
Pediatrics 

gbuco'ma (Gk glaukoj bluish green) Raised pressure within the c)cbill due to 
an excess of fluid the result in turn of blockage of die dramunC s}stcm li is 
a progrcs.si\c disease leading to failure of tision 
gh'a Neuroglia 

Gliss'on 8 capsule The capsule of the liver 

gl)cogen'e8is [Gk glyhs sweet (sugar) + root gen protiucc] The formation of 
glucose from gljcogcn or of glycogen from glucose 
gl)fogenol'ysis (Gk glykyi sweet (sugar) + lysis dissolution) The breakdown 
of glycogen to glucose 

glycot'ysis [prcc] The breakdown of glucose to lactic acid or to catlmn dioxide 
and wnier 

gly'coneogcn'csis, glii'coniogen'csis [Gk gf)*)J sweet (sugar) + ncos new gene 
SIS origin] The formation of glucose from noncarbohydratc material as from 
protein or fat 

gly'coprotcin glu'coprolcin [Gk gf)*VJ sweet (sugar) + pnitein] A conjugated 
protein containing a sug^ir group it is present in mucin 
granula'iionfs) [L. gtanuliim diminuiiae of gnmum a gniui] Afasscs of smalt 
grainlikc IhhIics 

granulation tusue [prcc] The \asciibr granular tissue that ctners a healing 
open wound and becomes com cited to scar tissue 

hap'loid [Gk haplous iiiigle] Refcmng to the reduced mimlicr of chromosomes 
m the gametes see Diploid 

htan blodc Disease of the atnoicntncular bundle that slows or blocks condtic 
lion of the impulse from the atna to the sentnclcs In complete blockage the 
ama beat at the normal rate (70 per minute) but the scntnclcs beat Jt tlicir 
own rate of about 40 per minute Tlie artcnal pulse is of auirsc at the sen 
incular raw 

hc'malin [Gk. haima (/;aima ( ) blood] The pigment (porph)in) of hemoglobin 
phis iron 

litmi [C.k half] A prefix meaning half ire Semi 



Glossary - 689 

Iicmol'jsis [Gk I aitna IjIooiI + l\su i setting free dissolution] The lil>cniuon 
of hcmoglohm from the rett cells. 

Hen le s loop 1 he U sliapcd pirt of a renal tubule 
hcp'arfGk die liver] The luer 

hcpai'ic [Gk liepar (hepfit ) die liver] Relating to the hstr 
bci'ero- [Gk f eleros odier diflcrtnij A prefix in words denied from ihe Greek 
me iiiing difTercni from something else 

heierol'ogous [Gk heleros difTircnt other +/ogoj relation] Imlicating x tissue 
or pin ilerncd from anoUier speaes or of a tissue or cells m a pan not 
normal to diem 

hcl'crotran'splant [Gk f eteros (hlTercnt other + tnnsplanl] The grafting of a 
tissue or organ taken from an iiiimal of one species to the body of an animal 
of another species Except for certain tissues and under scry special circum 
stances die operation is not perm iiiently successful i c the transplanted tissue 
dies 

lua'uis (E an opening fr /no (hiatus) yawn] A gap or opening aperture or 
fissure 

hiccup [imintne of the sound] The spasmodic contnction of the diaphragm 
riid tile sound made thereby should not be spelled or pwii ntiicecl hieoii;;}! 
histol'ogy (Ck I utnr a neb (tissue) + fogor trtJtisc disaission word] The 
microscopic study of tissues 

hol'ocrme [Gk loUs ill + Anno sepirate (secrete)] Referring to a tspe of 
glandular secretion dint consists of the cells of die glnnd itself 
ho'mo* [Gk homos simcj A prefix m words of Creek dcrmiion meaning of the 
same kind or class alike 

homoge'ncous (]) [Ck I amos same + genos family kind] Having uniform stnic 
turc and composition throughout 

homog^cnous (}) fprcc] Ffaving die same consistency throughout and usually 
the same composition 

homologous [foil] Referring to a homologue having the citaracters of a 
homologue 

hom'oJogue [Ck homos same + lottos relation tmtise word) Anv org-m or 
part of the boily that rcscml Ics in stmciiire or origin iiiodicr orgnn or part 
elsewhere in the hotly or an otgnn or pxrt in one species tint corresponds in 
some way with an oignn or part in another species such as die wing ol a 
bird and the arm of i min 

ho'motransplanta'iion [Ck lomos same + innspbnt] Tlie gnfting of tissue or 
of an organ from one person to inoUicr or from one inimil to anodicr of 
die s.ime species. 

hordeolum [fr L hordeolus a sty] A sty 

host [Gk fiospes a fioscj An orgxiiism that ftarfiors iiitf gives sustenance to ifi 
other (usually pathogenic) orginism 

hu'mor [L. humor (or i/mor) a fliiiiJ (J) One of the bodv fluids sucJi as the 
Kjueous humor of die eye whicli fills die spice between the cornea and die 
lens (2) A substance such as a sccretogQ;,ue (extractive) in food which is 
absorbed into the blootl and stimulates a digcstue secretion (3) A siibstincc 
hbented it nene endings eg •icetylcliohne and iciing locally (1) One 
of the fluids of the body eg blood phlegm hlick bde and yellow upon 
winch the incicnt theories of disinse wire based (limnonl doctrine) 
hy'aloid [Gk hyalos glass + eidot i Tcsembfincc] Glisslikc in ippeinnce 
h)'drocLlc (Gk hydor witer + krie swelling lumir] An ibnormal collection 
of fluid m any sadtke cavity in die botlj cspeailly in the tunin \ayimhs 
of the testis. 
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hydrocephalus (hi-dro-sefal us) [Gk hydor vruier + kephate head] Excessue 
amoimt of fluid in die \cniridc$ of the bmii (tntemal hydrocephalus) or m 
the subaniciinoid sp ice (erlernal / ydrocepf alus) 
hydrol'jsis [Gk. hydor water + /)JW solution dissolution] The taking up of 
water by a compound that tlien splits into smaller molecules It is brought 
alxiut by certain enzymes and by the action of heat and strong dicmicall— 
acids or nlkahs 

hydrosiai'ic pressure [Gk hydor water + stalos standing] The pressure exerted 
l»y tfie w eight of w iicr or otlier liquid 

hy'|>cr [Gk hyper abose ovtrj \ prefix indicating excess above die normal 
hypcrpla'sia [Gk. hyper above + plasa a molding] \ciivc multiplication of the 
cells of any tissue 

hyperi>ne'a [Gk lyper alxave + fnoia die breath] fjcaggeratcd respirations 
with nn incre'ise usually of the volume of air brcathctl per minute 
hyper'troph) [Gk hyper tlsoxe + Iropl e nounshnientj Increase m bulk of a 
tissue or organ causc-d by an increisc in the imliv idual cells 

[Gk hypo under] A prefix meaning under beneath less than normal 

mcon'tinencc of urine [fr L. in negative + contmeo, hold togctlier] Imolun 
lary passage ordrihblingof unne 

inertia (inurshCa) (L. in negative + inm (fr in negative + ars art) slug 
gishness unskilled] In physics the rcsisuiicc a body offers to a force tend 
ing to move it from a position of rest luertta of tie uterus sluggishness or 
absence of contraaions of die uterus during labor 
m'gutnal [!.» ingi/en ('inguinis) die groin] Relating to the groin 
jnhibilion [L / lOeo (lilsltu) keep bick fr habeo to have] Depression or 
arrest of function of any organ eg slowing or stoppage of die heart by 
siimuhtion of the vagus nene or die Icsscmngof any process, 
inoi'culaie [L in oseulutn diminutive of or moudi] Anastomose, 
insemination [L tnsemino sow or phnt fr semen (semin ) seed] The deposi 
tion of semen in die vagina cither during coitus or -vriiftcially 
tn'sula (L an ithnd] The small pvt of 0>e rcTelvi) corin htilden tn the Syl 
Stan fissure It is disclosed by raising the adjacent overlapping parts of the 
frontal and panel'll lobes. 

integ'ument [ll infrgKmen/wm acovenng] The skm 

m'ler [L. between] A prefix in words of Latin origin meaning between within 
in'tcrocepl'or [L. infer within + receptor a receiver] A receptor in mucous 
mcmbmics of die alimentary or respiratory tracts. 
in'icrofecl'ive nervous system [L. inter between + /acio do] Professor Cannon s 
term for the autonomic nervous system 

interstitial (m turstisinl) [L. infcrstifiiini fr infer between + jisfo sundj 
Relating to spices betvsecn fibers cells etc cspeaally in die tissues generally 
as interstitial fluid 

in'tra (L within] A prefix in wonris of Latin dcriniion meaning within 
in'iradcr'mal [I.- in/rn widiiii + Gk derma the skm] ^\ idim die skin into the 
skin as pertaining to in injection 
in'tro- [L. into] A prefix meaning into 

invag'ina'iion (j) [L. in in + wginn a shcith] The pushing of one part of a 
hollow structure inwirds towinis its center to cnshcath 
mver'sion [L. tnierlo (inversus) a tumiogabout] [I) A turning into a reversed 
position as inversion of the uterus in which die interior of die utenis is 
turned outward and the oignn displaced downward. (2) A turning inward as 
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imcrsion of the foot. (3) The comcmon of a diucdiande to a inoiios.ic 
diande eg of canc sugar to glucose and fructose 
I'soagglu'iinin [foil] An antibody picsetit in die scrum of i member of one 
blood group tint agglutinates tlic red cells of die blood of anodicr group 
lint IS causing ngglutinauon of cells in blood of die same speocs, 

1 soaggjuiju'ogcn [Ck uoi same equal + L agglulirio glue together] A sub 
snnee (antigen) associated i\itli die erydirocytcs dnt reacts widi an agglutinin 
(antibody) in die serum of a member of die same species and causes clumping 
together of die cells see blood groups (Clt 7) 
jaw jerk. Reflex contraction of die javi muscles following a tap on die dun 

kar'jokme'sis (car'jo-) [Gk kar^on a nut (nucleus) + kinesis movement] Mitosis 
kar'yoplasm (cadyo-) [Gk kanon a nut (nucleus) + plasma a dung fonnciJ) 
The nonchrom'iim substance of die cell nucleus 
ker'atin (Gk keras (keral) lom} \ protcui in die outer layers of skin and in 
horn nails etc. 

keiati CIS [Gk. keras (keral) horn die cornea + itu meaning inflamniation] 
Inflammation of die cornea of the eye 

kJiogen'ic [fteto (AetoneJ + root gen produce] Referring to cernm fo ids espt 
aally fats winch tend to cause die production of ketone bodies 
knee jerk A quick extensor movement of the knee a kick caused by tapping the 
ligamcntiim patellae while die leg is 1 an^iiin loosely in die flexed positiiii 
It IS absent in certain nervous diseases and ibnonmll) neuve tii othcn 
Xup'ffer cells* L^irge star shaped cells attichcd to the walls of die sinusoids of die 
liver They belong to die reticuloendothelial system and arc phagocytic 

lacta non [L. laeto (alus) to suckle (fr lac milk)] The secretion of milk 
lacu'na ae [L diminutive of lacus a hollow or a lake] A hollow space or gnp 
in any tissue or organ 

lamclln ae [L. diminutive of faminn a layer or pbte] A thin layer plate or 
stratum 

lat'enl [L lotus side] In a direction tovtfird a side away from the mid line of 
the Inidy 

lesion (Iciliun) [L. laedo (laessus) to iiijure] Any injury or structural abnor 
nnhey in a tissue oigaii or part chic to dcseise eg a tubercle of a lung in 
tuberculosis or the pustule of the skin in stn ilipox 
leuce'mia leukc'mia [CL leukos white + I itmi bloovlj A disease of die bliotl 
in which the white cells arc greatly incrcaseil in numlicr there being mviiy 
abnormal and primitive fonns in die arciilatioii Tl e disease miy be aaitc or 
tdiFonic, anti according so HhuJ} type of crJJ predom/nascs >n die blood — 
lymphocyte myelocyte or mycloblist or minocyie — it is called lymphalic 
myelogenous or monocyiie leukemia 

Icucojie'nia [Icuco (leucocyte fr Gk leukos while + kytox cell) + penia pov 
erty] A pronounced reduction of Jencocyiw scarcity of leucocytes, 

]ipo|>ro'icin [Gk Itpos fat + protein] A conjugated protein containing a lipid 
group III Its molecule. 

lob ule [L lobulus diminutive of lobta] A Small lobe or a sulidivision of a lolie 
lymphangitis (L. lymp/a clear water + Gk angeion a vessel + ids tncamiig 
inllammalion] Inflimmation of lymph vessels 
ly'sin [Gk lysis disintcgniion dissolution] \ny agent that destroys celts hv 
breaking them up or dissoUin„ them One that destroys blood ceils is a 
hemolysin, bacteria a bacteriolyun and cells in gciicnl a cylolytin 



692 - Gfossary 

l/sis [Gk disintegration dissolution] Disintegration of any structure red cells 
bacteria fibnn etc Also used as a suffix >n svords of Greek origin meaning 
breakdown or disintegration eg cytolysts ** 

macera'iion [L. macero (atus) soften by soaking] Softening or breaking up by 
soaking m water or other liquid 

mat/roscopic (k) [Gk macros, laige + skopeo, to view] Capable of being seen 
by the naked eye 

ma^cnstras'se [Ger magen, stomach + strasse, road] Tlie part of the interior 
Oie stomatA extending atong the fesser curaature from the cardia to the 
region of the pylorus that is first traserscd by the food after it has entered 
the stomach 

maras'mus [Gk maroimoi a withenng] A slate diaracterized by dehydration 
wasting and aseakness seen espeaally in infants as a result of infection or 
faulty feeding 

me'dcal In a direction touard the mid line of die body 

medul'la [fr L. medius middle] Any very soft structure, or the interior of an 
organ eg the adrenal mcdulb as opposed to the outer part or cortex mar 
TOW spinal cord medulla oblongata 

Meibomian gland (toi bo'mean) One of the glands at the margin of an eye- 
lid. 

meiosis (mi^'sis) (Gk a lessening] Reduction dnision 

MendeHian laws. The lav-s of heredity discoscred by Gregor Mendel an Augus- 
tinnn monk of the 19di century living in Brunn Austria Studying inlicn 
tance in pea plants he found that characters were transmitted to the ofrsprin„ 
as independent facton or genes When two sanetics of plant, eadi pure for 
a different diaracter (sliortness and tallness) are crossetl dieir pro^iiy (F, 
generation) will be all till but diey received a gene for shortness from tlieir 
short parent as well as a gene for tallness from the till parent die diaractcr 
ullness that appears is called domtnnnt the hidden character shortness is 
termed recessive These hybrid indmduals produce diree types of gametes 2 j 
percent of whidi contain only genes for tallness (domimnt) 50 percent genes 
for both tallness and shortness and 2 j percent genes for shortness (recessive) 
only AVhen these are interbred die offspring (F, generation) will be 75 per 
cent tall and 25 percent short diat is only those that had not received a gene 
for tillness from cither parent will be short 
mcmn'goccle [Gk menttix (meaning) a membrane + kefe a swelling tumor] 

A protrusion of the meninges of the brain or spinal cord through a defect m 
die skull or vertebral column 

meyoerme [GX, meros a pirt + Awno to separate (secretc^j A scaetion sudi 
as the gastric or pancreatic juice which is merely a product of the gland cells 
and not part of their substance see Holocrine 
meta [Gk after between over beyond] A prefix meaning after, over, beyond 
or indicating a transformiiion from somcdiing else dial has gone before 
mctamorph'osis [Gk mela prcc + morphe form] A change usually radical in 
form transformation as that of the tadpole into die frog 
metazoon, a [Ck tnela + zoon animal] A member of any class of animal above 
the Protozoa that is an animal composed of many cells, 
minimal air The air that rcmiins in the lungs alter their removal from the 
body and that gives pulmoniry tissue its buoyancy 
momen'tum [L motion] The quantity of motion the product of mass and 
velocity impetus die tendency of a moving body to continue in its course 
mon'oeyte [Gk monos, single + kylos, a hollow (cell)] A white blood cell with 
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a Single unlobed nudeus It resembles a large lymphocyte but its nucleus is 
more deeply indented being lidney or borseshot slnped Monocytes const! 
tuie from 2 to 8 percent of tlie leucocytes They are elements of the reticulo- 
endothelial system 

mononu'cleay [Gk monos single + ttueJear (nucleus)] Referring to a cell with 
but one nucleus 

morbini [L. morbillus dimimitive oi morbus a disease] AleasJes. 
motor end plate Tlie structure on tlie muscle fiber m which the motor nerve 
termunies. 

multicellular [L mu/ti many] Consisting of many cells. 

niyMoblast [Gk myelos marrow + bfastos a germ] A granulocyte in a scry early 
stage of its^lcvclopmcni (m the bone marrow) 
my'elocyie [Gk myelos marrosv + kytos hollow (cell)] A granulocyte m a late 
stage of Its deselopment (m the bone aurrou) 
myogen ic [Gk. rnys muscle + root gen produce] Originating in musde or from 
muscle 

myoncur'al [Gk myi musde -i- neuron nerve] Relating to both muscle and 
nerve Myoneural junehon Uie coniieciion lietstcen a motor nerve ending and 
the musde fiber it has die properties of a synapse 

navic'ular (k) [L dimiiiutite of navu a boat] Shaped hLe a boat scaphoid 
ne'opUsm [Ck «eoj new + pfasma someUimg formed] A new growth a tumor 
composed of masses of newly formed cells. 
neuniis[GV. neuron a nene + i(is meaning inflaromatton] Infiammation of a 
nenc 

neueoffffi'tc [Ck nfurau nerve + root grn origin] Of nervous ongin 
neuroliu'moral [Ck neuron nerve + humor qv ] Rchling to llie theory Uiat 
nervous effects ire transmuted by chemical substances (humors) liberated at 
tlie nerve endings eg aceiyldiohne 

no'tochord [Gk notoj hack + cl orde cord] A flexible bar in the early embryo 
around which the vertebral column is developed 
nuclease [nucleus *f ase meaning an enzyme] An enzyme tlvat splits nudeic 
aads 

nu'cleopro'tcin A conjugated protein containing nudeic aad It is an essential 
constituent of chromatin 

nystag'mus [Gk nysla^mos a nodding] A rliythmicil oscillation of the eyeballs 
occurring in certain disease and nomijlly after npid roution of Uic Ixxly 
The movements arc most commonly from side to side but may be up and 
down or rotary 

ob [L. against toward] A prefix «n words of Latin ongin meaning against or 
toward 

odont'oid [Gk. odous {odonl} a tooth -f eidos, a resemblance] Shaped like a 
tooth 

-Old [Gk eidos a resemblance] A sufiut in words of Greek derivation meaning a 
likeness to resembling 

ohgurja[Gk oh^os few + oi/wu unnation] Scanty unne 
•nma \ suffix added to words of Greek dcnv'ation to indicate a swelling or tumor 
of any kind eg carcinoma sairoma 

ontogen'esis ontog'eny [Ck. on being + genesis origin] Tlie developmental 
history of an individual as opposed to ilie history of a race see Pfiylogi ny 
ontol'ogy [Gk. on (onfoi) being + logos discussion treatise] The study of the 
'Hlevclopmcni of an individual embryology 
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onjchia (o-nikeali) [Gk. onjx (onyeh) naj!} Innammation of Ujc root of a 
finger or toenail with suppuntion and usually $l,tdd ng of tlie nail 
o'ocytc [Gk. oon an egg + kytos a hollow (cell)] The primitne orum in ilic 
Graafian follicle 

op'sonins [Gk opson sauce] Substances in blood tliat stimulate die leucocytes 
(neutrophils) to attack bacteria — fanafully speaking they make die latter more 
appetizing 

oral [L oj(oni) mouth] Relating to the mouth 

order \ dnision in the classification of inimals or plants bctivcen the Class or 
Subclass (abo\e) and the Family (lielow) 
organ'ic [Gk orgatukos relating to an organ] (1) In chemistry rehung to com 
pounds containing carbon (2) Relating to i disease associated iMtli a strtic 
tura! change in a tissue or organ as opposed to ftinclioml (S) Pcrtainin„ to 
animal or vegetable life as opposed to die inorganic s«nrld 
or'ganism Any living thing animal or plant 

orthope'dic [Gk. orti os straight right true + pau (pud) a child] Relating to 
the study and treatment of chronic diseases of bones and joints and dii. cor 
rcction of deformities not only of clnldrcn 
orihosiai'ic [Gk. orthos straight nglii true + stolos standing] Relating to die 
upright (standing) posit on 
os oni [1* mouth] A mouth 
os ossa [L. bone] A bone 

Dstcogen'esis [Gk oslton bone + genesis production] Bone formation 
ovariec'tomy [L. ot'cnum ovary Ck eklome excision] Excision of die ovaries 
castration of die female 

ox'yphil [Gk oxys sharp aad + phths fond) Aodopl il eosinopl i? 
oxytocin (oksitosin) (Gk oxys suift + tokos childbirth] \ pnnciple of the 
neural lobe (posterior lobe] of die pituitary that auses uicnne contractions 
pitocin, 

palpa'tion [L. pajpatio fr palpe to touch] Determining usually with a fngcr 
or the fingers or palm of the hand by touching 
para [Gk. alongside near beside] A prefix meaning beside on the side of not 
quite normal 

l»ara anunobenzoic sad A factor of the vitamin B complex esscntnl for the 
growth of certain microorganisms Some sulfonamides exert ihcir mtibaaerial 
action by rendenng this vitamin unavailable for die infecting Inctcria 
paren'chyma [Gk anydiing poured in beside] The part of an organ or tissue 
composed of cells that perform the specific function of die organ or tissue 
such as die contractile fibers of muscle or die secreting cells of a ghml as 
opposed to the nonspecific supporting tissue or stromi of connective tissue 
paren'tcral [Ck para beside contrary to + enleron intestine] Referring to a 
route of administcnng a drug or agent of any kinsl other than by die gastns- 
intcstinal tract diat is subcutaneously intravenously etc 
paih'ogcn [Gk pathos sulTcnng disease + root gen produce] Any orgtnfsm 
dial causes disease hence pall ogenic 

pectonl oquy [L. pectus (pectar } breast chest + lofjuor to spe ik] In ausculta 
tion of the chest, the transmission of die sounds of tl c ptticnis voice to the 
examiner’s ear 

ped icle [L. a little foot diminutive of ^rfped)] A stalk 

pepsin'ogcn [pepsin + Gk root gen prwlutij Tl c inactive enzyme secreted by 
die gastric glands and converted to active pepsin by acid 
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per [L. tlirough] A prefix denoung through around in diemisiry Utc highest 
compount! in a senes 

percussion [L. percttssio *i beating] A method of pli)stcal examiintion espe- 
aally of die chest in whicli die nature of underlying stmeture is determined 
from tlie sound caused by t ippii^ svjtli iii lustrumenl or finger 
pen [Gk around beyond surrounding] A prefix meaning around surrounding 
exceedingly 

pe'trous [Gk petra a rock] Hard like stone 

phc'notype [Gk pi aino display + typos model] The appearance structure 
coloring and odier diaractcnslics of an organism 
phlebi tis [Gk phleps (phUb ) a vein + Kw meaning inilammation] Inflamma 
lion of a %ein 

phlebol omy [Gk phleps (phUb ) a vein + tome a cutting] Incision into a sein 
as for withdrawing blood 

phoTna [Gk p/iaf of fear] An unrcasonabfe fear of some parucular thing or 
condition eg eltiuslropl obta a morbid fear of any closed space agorapl obta 
fear of open spaces The term is also used lo indicate hypersensitivity to some 
form of siimuUiioit eg p) otopUobta pain in the eyes and spasm of the hds 
to a light that normally would cause no discomfort 
phos'phagen [/)hoi/>/ oriis (Gk pi os light + p/iorox bearing) + root gen] Crea 
tine phospliate p] osphocrcitmc 

pho to^em'ical [Gk pi os (pkul) light + chemical] Pertaining to a chemical 
rc iction caused by I glil energy as in the rods and cones of the retina 
pho topho'liia [Gk pi os (phot ) + phobia] Hypersensitivity of tlie eyes to light 
lhniopic[Gk pi os light ups the eye] Pcruining to vision m bright light 
a function of die cones of the retina 

pho'tosyn thesis [Gk phos (phot ) + synthesis] The formation of arbohydratc 
from carbon dioxide and water and the liberation of oxygen by sunlight 
acting upon dilorophyll 

phren le [Gk phren dnplimgm] Relating to the diaphragm 
phrcni'tis [Gfc phren di iphngm seat of the enrooons (an anaent behef] -f rftr 
meaning inflammation] Delirium inflammation of the brain 
phylogen'esis phylog'eny [Gk phyle p/)/on a tribe + genesis origin] The 
deicJopnjcnt (evolution} of a race of animals or plants see Ontogenesis. 
phy lum [L. fr Ck plyhn a trilic race] In the classification of animals or 
plints a large division below die SubVingdom and above the Subphylum or 
the Class 

pi'siform [L ptsiim pea + forma form] Resembling a pea in shape and she 
plank'ton [Ck planhtos wandering] Minute free swimming or floating marine 
org-inisms cillicr of the animal or vegetable kingdom 
plethora [Ck flethore fullness] A fullness an excess espcaally of blood con 
gcsiion 

pb ca (-ac) ciraila'ris (-es) [fr L. plica a fold + ctrcvlans in the form of a small 
circle] One of die transversely circular folds of mucous membrane in die 
sm ill intestine 

poly A Creek prefix meaning many 

{wl jevdic'mia [Ck poly many -h kytos a hoIlow(ce3]) -hfiaima blood] A blood 
condition marked by an abnormally large number of retl cells 
polyncun'tis [Gk poly many + neundi) A condition market! by inflammatory 
and degenerative changes m the pen^cral nerves a symptom of vitamin B 
deficiency (bcnbcri) or chronic alcoholism 
polyu'na [Gk poly many mucli + ouron unne] Excessive secretion of urine 
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pro- [Gt. before] A prefix dertoung before, forward. 

prolapse (pro-bps') (L. prolapxm, a falling). Tlie descent of an organ from m 
normal position. e.g , probpse of the uterus, 
probfeiaiion [L. proles, offspring + fero, to bear] MulupJiauon of the cells of 
any tissue, usually m the sense of excessise. 
protoro'on. -a [Gk. prolos, fint + soon, an animal] An animal composed of a 
single cell, a unicellular animaL 

ptcr^^id (tern-goj-d) [Gt. pieryx (plajg). a wing + eidos, a resembbnee] Re- 
sembling a \Mng 

pto'su [Gt. a faUing] A falling dotsn. probpse. of any structure, but espeaally 
drooping of one or both eyelids. 

pulse pressure The pressure m the aitena! system in excess of the diastolic pn-s- 
sure For example, if the diastolic pressure amounts to 60 nun of mercury 
and the systolic pressure to 120 mm. the pulse pressure wll be -10 mm of 
mercury 

purpura (pur'pu rah) [L. fr Gk. porphyra, purple} A heroorrhagicstate in which 
spontaneous bleeding occurs into the subcuDneous tissues, deeper Uyers of 
the stin into or from the surface of mucous membranes, or into joints and 
other structures. It is often due to a deGaency of pbielets. 
psTum^daL Sliaped like a pyramid. 

prr^fonn [L. ptrtum, a pear + forma, form] Pear shaped. 

quadngem'ioal (j) [L. quadrt, four + geiJiinur, twin) Referring to any structure 
hating four simibr pans, but espeaally to the four bodies on the dorsal 
aspect of die midbram (quadngeminal bodies, or coUicul!) 
quin'sT [ME. corrupuon of Med L. qutnanaa, fr Ck. eyanche, sore throat dog 
throttling dog colbr (fr Aynon, dog -I- entkein, to throttle)} Inllaffixaatton of 
the tonsils, with suppuration (suppuratise tonsillitis) 

rile (rahl) [Fr tattle}. A cncklirg clicking bubbling rubbing, or whisUifig 
sound heard upon ausculuting the chest in certain diseases of the lungs. 
ra'ssuss, j [1.^ a branch] A branch, as of an artery or nerve, or a barlike part of 
a bone such as the ramus of the mandible, 
recessive [L. recedo (recessvs), draw back] An hereditary character that is btent, 
or masked by another chaiaaer called dominant 
regurgitation [L. re, back + gurgito (atm), flood] The mosement of material 
m a direction the reverse of normal, as the passage of the stomach contents 
into the esophagus (usually without vomiting) of duodenal contents into the 
stomach or of blood from the aorta during diastole into the left ventricle. 
Reis'sner's membrane. The membrane of the uiernal car that separates the 
scala vestibuli from the cochlear duct. 

retention of unne Inabibty to void unne cither as a result of a mechanical 
obstruction of the unnary passage or nervous disease that abolishes die normal 
nuctuntion reflex. 

reuc'ulo-endotheffial sys'iem [L. rehcitlum, a network -f endothehal, relating 
to the endothelial tissues). A system of celb m, or assoaated with various 
reticular and endothehal struaures and also present in the general connective 
tissues. They have diverse functions and there are several types of these cells 
some of those in the connective tissues are wrandenng. others arc Gxed. Tliose 
in the reticulum of the spleen are very large and phagocylic (macrophages) 
and those in the blood sinuses of the Iner (hupffer cells) as well as some in 
the general connective tissues convert hemoglobin into bile pigmenL Others 
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are found in the retJculum of ihe bone tnarrow T^e monoqtes of ilic blood 
and certain small cells in neuroglia ffnicrogba) belong to tins s)siem 
retic’ulum [L. diminutive of refe, a net] A fine netisork 

re'tro- [L. back, backv.’ards] A prefix meaning backu'ards, behind, postenor 
to 

rhc'obase [Gk rheos, a stream (current) + fcosu, base] The minimal strength 
of an electric current that acting (or an indefinite but fairly long time causes 
excitation of a tissue e g nerve or muscle 
rhom'boid [Gk rhombos + etdos a resemblance] Resembling a rhombus, i\liidi 
ts a figure (exdusne of the square) with four equal and parallel sides, 
rhonchus (ronkus) [L fr Gk rhenchui a snonng] A rough roaring >»histling 
or snonng rale heard upon auscultation over tlic bronclii in certain abnormal 
states of the lungs. 

sciatic foramen (si at'lk for a'men) (corruption of Gk. tscfitadikos fr ueliion the 
hip] One of tlic tv.o foramina greater and lesser formed by a ligament closing 
the gap of the corresponclmg saatic notch of the os coxie 
sciat'ic notch [prec.] One of the ti«o notches greater and lesser of the os coxae 
The greater sciatic notch is die large tndenuiion on the posterior border of 
the ilium bclou the postenor infenor spine the lesser saatic notch » situated 
on the posterior border of the iscluure just above the tuberosity Botli notches 
are comerted into foramina in the living subject by ligaments, 
sciatica (si'ttt ika) Inliammation or pain in the sciatic nerve 
tclcro'sis [Gk skUrosis hardness] Induration hardening of a structure such as 
the walls of arteries (arienosderosis) due to die deposition of calcium salts or 
of any tissue such as nervous or hepatic by the replacement of its parcndiyma 
by fibrous tissue 

sco'topic [Gk sAotos darkness + 6ps the eye] Tertaming to vision in dim light 
a function of die rods of die reuna 
scTjum (L. tallovs] Tlie greasy secreiion of the sebaceous glands, 
semi [ll semu half] Prefix meaning half equivalent to Greek /icmi 
sig'moid [Gk. sigmii Iciicr S + eidos a resemblance] S shaped eg the sigmoid 
colon (iliac and pehic colons) whicli together form an S-sIiapcd curve 
spaj-'ing [Gk. rpddon a eunuch] Ovaneaomy castration of a female 
speaes (spesliez) [L. kind form appearance] In die classification of animals 
and plants tlie division next below the Genus its members interbreed 
speafic gravity (abbreviated sp gr) Tlie weight of any given substance as 
compared with an equal weight of distilled water Thus water having a value 
of 1 000 die specific gravity of unne is 1 002 1 030 (depending upon the con 
ceiitration) blood 1 0j5-1 OGO plasma, 1 022 1 26 and cerebrospinal fluid 
1 OOG 1 03 

sphjg'mogram [Gk sp/iygmos, pulse + gramma, a record] A pulse uaong 
sphyg'momanom’cter [Gk. sphyf^oj, pulse + manor pressed (pressure) + metron 
measure] An instrument for measunng the blood pressure, 
spi’na bif ida [L spina a spine thorn the bick + hi/’ da cleft into two parts] A 
a>ngcnjial anomaly m which the ardics of tlic vertebrae of a portion of die 
spinal column are absent or defective so that die spinal membranes, or even 
the cord itself protrude and come to lie just bencadi die soft tissues of die 
btek It occurs most commonly m the lumbar region 
siel'lale [L. rlelfa a star] Star shaped 

steno'sjj [Gk. Jienos narrow] A narrcming usually applied to an onfice or tube 
e g aoruc stenosis. 
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Stenson s duct The duct of the paroud gbnd. 

Sioles-Adams disease Heart block causing a slow pulse v,iih ancnosclcrosts, 
the combination of the tt^o conditions making for a loiv diastolic pressure and 
consequent interference with the blood *upplj to the brain \ttacks of syncoiw 
and cons-ulsions resulL 

sto'ma, stomata [Gk stoma (•a(ts) a mouth] Ans mouihlikr opening 
stomaii iis [Gk stoma (-alts) a mouth + ilis inflammation] Inflimmation of the 
mouth. 

stro'ma, stromata [Gk. a bed mattress] The fnmework of ans tissue or organ 
It is usually composed of connectise tissue 
sty stye (sti) [fr OE sfigan to rise] Inflammation of one of the small gbnds at 
the margin of an eyelid hordeolum 
sub- [L. below] A prefix indicating below less tliaii 

sul'cus (k) sul a (si) [I- a furrow a ditch] \ n-irrow relatively deep depression 
m any structure but especially m the ccrebril cortex 
super supra [Lm above beyond] A prefix indicating above bevond greater 
than on the upper side 

suppura'iioD (L. suppura f-atus) lo form pus Pus loTT77.iUon 
s>-m'pafhol)t'ic (fr Ck. syn wiih + pathos feeling) -I- lysis (lyl) 

freeing from dissolution] Refcmng to the action of cenam agents in tempo- 
rarily paralyzing s>inpatheiic nerve filien 
sjm'pathomimet'ic [sympatho (prec) + Ck mimikos iminting] Refcmng to 
my drug or other agenc eg adrenaline that imiutes the action of s)Tnpa 
theuc nerve fiben 

syn sym [Ck together watfi] \ prefix meaning witli together joined equiva 
lent to Latin con 

fjmanhro'sis [Gk 150 togedier + nrf/iroui irticuhtion) An immovable junction 
beivveen two bones without an intervening joint 
syncv'iium [Ck s^n togctlier with + kytos a hollow (cell)] \ mass of mulii 
nucleated protoplasm such as the caidiac muscle in which the cells arc noi 
distinct and sep irate units but are continuous with one another without an 
intervening cell membrane 

syndesmo'sis [Gk syndesmos ligament (fr syn together + dr > bind)] \ sjmr 
throsis m which die opposed bones are held together b) fibrniis iisvm as at 
the lower ends of the tibia and fibula 

syndrome (smdrom or sin'dro-me) [Gk- syn togtdicr + dromoi a ninniM„] A 
group of symptoms diat togedier form the picture of a disease 
syn'thesis [Ck, syn together -f- ihesu a putting an arrangement] \ building up 
of smaller parts into a larger whole die putting tTgcdicr of smaller chemical 
groups to form larger and more complex compounds. 

laTjes dorsalis [L. tabes a wasting away + dorsatu of the back] A nenous 
disease affecting the ganglia of the postenor spina! nerve roots and posterior 
columns of the spinal coid It is chaiactcnzed by ataxn loss of the knee jerks 
severe shooting pains and often aircqjhjr of the optic nerve It is usually die 
result of syphilis. 

tach'jcar'dia (1) [Ck laehyt rapid -f kardta heart] Rapid action of the heart 
lach'yphjlax'is (k) [Ck. tachys rapid -h phylaris protection] Loss of or rcdiic 
tion in sensitivity to any agent tolerance following repeated use 
tax'ia tax'is [Gk order arrangement] (1) A suffix in words of Creek origin (2) 
Also used alone meaning to correa a dislocation or to ntum a hernia liy 
gentle pressure to its noniial position (3) The tendency for cmain oiganisms 
to move toward or away from a panicular thing or sute or to arrange them- 
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seUes in a position relatmR lo tliat particular thing or state, then usually 
used as in (1) ic electrotnxts chemotaxts thermotaxu etc 
tel'crecept'or [Gk tele distant + L. receptor, a receivcrj An end organ such as 
the receptors of the retina or the olfactory organs which perceives at a distance 
le'Jophase fGk telos entl fulfillment + phasts appearance] The final stage of 
mitosis 

iher'mola'bile JGk therme, lieat + L. labtlts perishahle] Susceptible to chan„c 
or destruction by heat 

ther'mosta'ble ther^mostaTulc [Gk iherme heat + L. stabtits stable} Not 
altered by moderate heat 

thrombo'sis [Gk a curdling] Clotting of blood within the vascular system 
ihrom bus [Gk. thrombos a clot curd] V clot withm a blood vessel 
ih)mus [Gk thymos in excrescence svseeibread] A soft structure occupying the 
upper part of the mcdnsiiiuim and lower extremity of the neck It is relativcl) 
large m infants but shrinks in liter dnldhood and is a mere vestige iii 'idulis 
It consists of a rcticuium tlie spaces of wincli are packed witli !)nipJi«>cyus 
Its outer part is called tlie cortex its central part the mcdulh bcuicrtd 
throughout tlie latter are peculiar bodies known as llassatls carpiisc/es ittcl 
composed of concentric layers of fiat cpitliclnl cells surrounding a large round 
gnnular cell Though it has been suggested that the diymus is an endoennt. 
organ there is no definite evidence Uiat il should be classed as siicli its func 
tion IS obscure 

it'dal air The air breaUied during ordinary respiration it amounts to about 
500 cc in man 

tone [Gk tones lone or a tone} Continuous action as said of a nerve sitdi as 
the vagus or die slight continuous contraction of healthy skeletal muscle 
irans* [L» across dirouqli beyond} A prefiK meaning verovs. through beyond 
traum'a inumata [Gk. a wound] A wound or injury usually one caused by 
Violence or some meduuia) iqcncy 

tribe [L. tnbiis] In the classification of animals and plants a subdivision of die 
r-imily frequently synonymous with Subfamily 
trocli lea (k) [L. a pulley] A pulley 

croch'oid joint (k) [Gk trod os wheel + exdos a rescmlilancc] A pivot joint 
siicli ns that between the odontoid process of the axis vertebra and the aths 
tro’pism [Gk trope a turtuii„] The tendency for certain on,anisms to turn 
toward soraediing as growing sprouts of plants turn toward die li„ht fhoto 
tropism and Its roots into the ground p;eotiopism 
lu'lierde [fr L luberculum diminutive of tuber n swelling] (1) A smnll cir 
cumscnbcd elevntion on a bone (2) The lesion in tuberculosis 
tuberosity [L. lubernotas an elevauon a swelling] An elevauon on a bone 
lirgcr tbnn a tubercle 

lympani'ics [fr CL tympnnon a dnim] Swelling of die abdomen due to gas 
in the intestine or rarely m the peritoneal cavity 

u'via [L. uvea a grape] The middle coat of the eyeball consuting of die 
clioroid ciliary muscle, and tns. 
u'vcal tract Uvea 

vi'gtiKiof'fc [Ger tiflgwi substance] The humor formed at the terminals of die 
vagus nerve ncclyldiolmc 

vallaic [L. vallo (ate) surround Vith fr vallum a rampart] Referring to ccr 
tain structures eg pipilhc of the tongue that are surrounded by a circular 
moidikc depression bounded in mm a slightly elciatei! nm 
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vallec'ula (k) [L. diminuti\e of zallu a valley] The depression on eiiJicr side 
of the tongue or of the scmiis of thecercbelluin 
varicel la (scl') [L. diminutne of vanota] Chickenpox 

var^cocile [Ck varix (tarte) z dibied vein + kele a SMelling tumor] Dibta 
tion of sems of the spermatic cord in the scrotum 
vario'la [L. diminutne of vanur spotted] Smallpox 

sas [L. vasa (f,eniti\c plural vasorum) a vessel dish] A vessel or tube eg 
sas deferens 

va'sa vaso/um fprec.] The small blood scsscls supplying the ssalU of the hrger 
anenes 

ras'cular [L. lasculum dimmutiv’e of i*<Jt a vessel] Referring to nny tube or 
system of tuljes containing fluid but most commonly to the blood scsseb or 
lymphatics 

sa'somotor Referring to changes in the olibcrs of the blood vessels, 
sermic'ular (k) [L termw aviorm] Wnrmlike 

vermiform {L. vermu a worm + forma fonn] Uormhke eg vermiform ap- 
pendix 

ver'nix caseo'sa [L. lemtx varnish + caseus cheese] The fatty subsuince on die 
skin of the nesslyjm 

vesiih'ular membrane Reivsner s membrane, 
vesiib ular organ The utnclc and saccule 
viral Relating to viruses 

virus viruses [L. poison] One of a group of infecting agents of uncenain 
nature but probably a large and complex nucJeoprotein molecule near the 
border line betneen the living and the nonliving Unlike bictena they can 
multiply only within cells Tliey are much smaller than bacteria being able 
to pass through a filter wiUi much finer pores than those required to hold Inck 
bacteria hence the term fttrable viruses. Tliough viruses cannot be seen 
tlirough an ordinary tvpe of microscope hovscver powerful the electron 
mitroscope reveals minute objects called tlementary bodtes ihatJire probably 
the viruses dicmsches 

viscus (k) viscera ($) fL. an internal part] Any internal organ but especially 
of the thorax or alxlomen 

Miar'ion s duct- The duct of the submaxillary gland. 

whitlow [etymology dubious, perhaps corruption fr OE. ^mck (tel uk) or u / tie 
+ flaw] Inflammation of die soft tissue in the ncighh^ood of a nail 
paronychia 

\\ irsun^s duct The pancreatic duct. 

wisdom tooth One of the four molar teeth tliat erupt very late — from lie 
eighteenth to the twenty iliird year it is ific third molar on each skIc of die 
upper or die lower jaw 

zoology fCk zofjn an animal + fogor treitise discussion] Tlie study of animals 
their dassificaiion structure physiology etc 
z/mogen 0) [Gk- 2>me leaven (enzyme) + root gen produce] The sulnunce 
from whidi an enzyme IS formed proenryrac 
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Weights and Measures 


THE METRIC SYSTEM 


Linear measures 

The unu of the metric s>sicm is the meter \Oiich is the one ten 
millionth pan of the mendian quadrant of the earth In iht nomench 
lure of the 8)stem muUipfes of the meier are mihcateif by prcrixcs itcrucit 
from the Greek as follows 

Mtter tiecameter 10 meters hectometer JOO meters kilometer 
1000 meters 

ft ictions of the meter are iiuhcaietl by prernes derived from the 
Latin as follows 

Meter decimeter Yiq meter centimeter Vioo ^netcr milhmeier 
yiooo »"eier 

In microscopy the unit of measure is */lnoo millimeter cill«! 
the micron (symbol p) */„« , micron (or *4 <jo« 000 millimcier) called iJie 
millimicron (symbol m^u) and y,ntkn> micron calletl the Anpsiiom imii 
(symbol A or abbr AU) are used as measures of the wavelengths of 
light 

Weights 

The unit of weight is the gnm or gramme abbreviation usinlly g 
or gm It IS pniclically the weight of one cubic tenlimcter of distiHt'd 
water at its maxinuim density (I® C) Multiples of this unit arc ticsig 
mted by prefixes derneil from the Cicek numerils is follows 

Onm decagram 10 grams hectogram 100 grams kilogiam (abbr 
kilo) 1000 gnms 

Fractions of the gram arc dcvignatcil l)\ prefixes dcrivetl from the 
Latin numei ils as follows 

Gram dtLigram y,„ gram cciuigrini gram milhgnm 
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gram microgram or gamma (s)-mbol r) Mooo milligram (or ^ oo© ooo 
gram) 

Fluid measure, volume, capacity 

TTie unit o£ volume is the cubic decimeter called a liter one liter 
of water weighs practicall) 1 kilogram It i$ divided into the deciliter 
Vto ('veight 100 grams) centiliter liter (weight 10 grams) and 
milliliter (or cubic centimeter) ^^ooo ("eight 1 gram) 

APOTHECARY AND AVOIRDUPOIS SYSTEMS 

Weights 

The apothecary system (or the metric) is used in the United States 
for measuring drugs and other roedicinals Jn nriiain the avoirdupois 
system IS used for the latter purpose and as m the United States for 
measuring ordinaiy commodities 

/ipatheeanfs Heights (V 

Pound Ounces Drachms Smiples Grains 
I = 12 * 96 = 2SS = 5760 

Is 8 » 24 = 480 

1 = S = 60 

1 = 20 

Avoirdupois Heights 

Found Ounces DnicJuns Crams 

1 = 16 - 2j6 7000 

1 s= 16 « 437 5 

I = 27 31375 

Fluid measures 

United States 

Fluid Fluid 

Gallon Quarts Finis Ounces Drachms Minims 
1 = 4 - 8 - m = 1024 = 61440 

1 = 2 = 32 - 256 = bS60 

1 « 16 = 128 - 7680 

I = 8 = 480 

1 = 60 
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Bntuh (tmpeual) 

Fluid Fluid 

Gallon Quarts Ptots Ounces Dnchmi Minims 


I = 4 = 8 = 160 = 

1280 = 

7G800 

1 = 2 = 40 = 

320 = 

19200 

1 = 20 = 

ICO = 

9600 

1 = 

EQUIVALENTS 

Linear measures 

8 = 

1 = 

480 

60 


One kilometer = % mile or 3281 feet, 8 kilometers = 5 miles, 
I meter = 39 inches, 1 centimeter = % inch, I millimeter = inch 
or line, I micron = V^sooo ‘nch 

One mile = 1% kilometers I yard = 92 centimeters 1 foot = 30 5 
centimeters, 1 inch s= 25 millimeters 

Weights 

One kilogram = 2V^ pounds, or 35*4 o****ccs a%oirdupojs 1 gram = 
15*4 gniins 

One pound avoirdupois = 453C grams 1 ounce avoirdupois «= 28 4 
grams, 1 drachm as 3 89 grams I gram = 0 065 gram 

To convert kilograms to pounds avoirdupois multiply by 1000 and 
divide by 454, to convert pounds avomlupois to kilograms, multiply by 
454 and divide by 1000 

To convert grams to ounces avoirdupois multiplj bj 20 and divide 
by 567, to convert ounces avomlupois to grams, multiplj by 567 and 
divide by 20 


Afetric Etjurvahnts of Apolhecarie/ U eights 


Grains 

Grams 

Dnclims 

Cnms 

Vz 

0032395 

1 

3 88788 

1 

5 

0 064798 

0 323990 

4 

1553152 

10 

OC 17980 

Ounces 

Cnms 

20 

I 29j9G0 

1 

31 10394 

30 

1 9439-10 

4 

12141576 


Metric EijuitfaUnts of Avomlupois eights 
The equmlcnts for grams and fractions of a grain ire the same as 
those of apothecaries weights 

Draclims Grams Ounces Cnms 

I 1 77182 1 28 31912 

4 7 08728 8 22r>7929<> 

4533S592 


16 
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Equivalents of Metric m ApotJecanes or Aiotrdupots Uprj/itf 



Grams 

Grams 



0 { 

I 51339 



OJ 

771699 



1 0 

b 43399 



50 

77 !699j 



100 

154 33991 



Ounces 


Pounds 

kilograms 

(Avoirdupois) 

kilograms 

(\voinlupois) 

1 

35 27 

1 

22018 

5 

176 3? 

5 

ll 0210 

10 

352 74 

10 

220180 


Fluid measures 

One liter — 1 76 imperial pints or 2 1 U S pints 1 cubic cent! 
meter = 17 minims (Bntisli) or 16*4 minims (U S ) 

One imperial gallon = 4 55 liters I U S gallon = 3 79 liters 1 impe 
nal pint = 568 cubic centimeters 1 U S pint = 473 cubic centimeters 
1 fluid ounce (Bniisli) =: 28 4 aibic centimeters I fliiiil ounce (U S) s 
29 5 cubic centimeters I 6uid draclim (British) s 3 5 cubic centimeters 
1 (luicl draclim (U S) s 37 cubic centimeters I minim = 0 063 cubic 
centimeter 

To consert liters to impenal gallons multiply by 22 anti dnide by 
100 to com ert liters to LT S gallons multipl) by 2Ca and dnideby 1000 
(by moving the decimal point three places to the left) to convert imperial 
gallons (o liters divide by 22 and multiply b) 100 to convert U S gal 
fons to fliers divide b) 265 and muftipfy 6) fOOd 



Metric Equivalents of U S Measures 



Cubic 

Fluid 

Cubic 

Fluid 

Cubic 

Minims 

Centimeters 

Draclims 

Centimeters 

Ounces 

CeiUimcicn 

1 

0061618 

1 

3 G9<036 

1 

29 57fC86 

5 

0 308091 

5 

I8 48543I 

6 

Iy74ron6 

10 

0G1GI8I 



rocpt) 

473 226976 

15 

0 9'’4272 






Metric Equivalents of Bntisl (Impenil) Measures 



Cubic 

yiuid 

Cubic 

Fluid 

Cubic 

Minims 

Centimeters 

Oracltms 

Centimeters 

Ounces 

Ccntimcicrs 

1 

0 0j9^0j 

1 

Sa523 

1 

284184 

5 

0 ‘>9r02o 

5 

17 7615 

5 

1420920 

10 

0 j920j0 



10 

284 1810 

15 

0 88807O 



20 (pL) 

568 3630 

20 

1 184100 






Cubic 

CentimetCR 

OJ 

05 

10 

50 

100 


Cubic 
Centimeters 
01 
05 
1 0 
50 
100 


Egutialents of Metnc tn V S Measures 
^linims Liter Fluid ounces 


Appeal 



16 '> 34 } I S5S2108 211381 

8 1170G 
16 23412 
81 17001 
162 34122 


Equiialents of itc/ric in Imfenal Measures 


Minims Liter Fluid ounces Pints 

1 68911 1 35 10691 1 7598^ 

8 44jj6 
1689112 
84 4jjOO 
168 91123 


MEASURES OF ENERGY 

One kilogrammetcr is the energy or force expended in raising a 
weight of 1 kilogram to a height of I meter One foot pounil is the energy 
or force expended m raising a sseight of i pound asoirdupois to a height 
of 1 fool 

One kilogrammetcr — 7 21 foot jiounds 

One foot pound = 0 1381 kilogranimeter 


SYM801S 


715 minim 
0 scruple 
T draclim 
3 ounce 
O pint 
ft micrtm 
(i/i mjcromirron 
m miscc mix 

+ plus excess "tcid reaction posime 
— minus dcfiaency alkilmc reac 

tion ncgntisc 

± plus or minus either posunc or 
ncgatiNC indefinite 


> greater than wl ence from kIijcIi 
IS denvctl 

< less than from ilcrnid from 

CO infinitjr 

ratio IS to 

e<|ui(uy beiviccn niios as 
• birth 
t dctlli 
9 femile 
S male 
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Comparative Temperature Scales 


Ctnilgmde.Sf^TenXtit I 


The zero of the centigrade scale marks the 
tempemure of melting ice (32° F): the zero of the 
Fahrenheit scale Is an arbitrarj' point, that of the 
lotvest temperature observed by tlie deviser of the 
scale during the winter of 1 709, practically the tem- 
perature of a mixture of ice and salt; it corresponds 
to —17.77° C. The temperature of boiling tv'ater, 
at sea level, is marked 100° on the centigrade scale 
and 212° on the Fahrenheit scale. One degree F is 
therefore % degree C. 

The following are rules for the conversion of 
the temperature of one scale into that of the other: 

Above 0° Cor 32° F 

F to C: subtract 32, multiply by 5, divide by 9. 

C to F; multiply by 9, divide by 5, add 32. 

Between 0° and 32° F or —17.77° and 0° C 

F to C; subtract from 32, multiply by 5, divide by 9. 
C to F: multiply by 9, divide by 5, subtract from 32. 
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The Chemical Elements* 


With their sjmbols, atomic numbers, anti atomic tteighis 
(Based on C** = 12) 



bol 

Atomic 

Number 

Atomic 

W eight* 


Syin 

bol 

Atomic 

Number 

Atomic 

eight 

Actinium 

Ac 

80 

12271 

hlereuiT 

He 



Aluounam 


13 

26 9B15 

MidyljOenum 




Amcricmm 

Am 

95 

12431 

Neodymium 

Nd 



AnUmoi^ 


51 

121 75 

Neon 

i\*» 

10 


Argon 


18 

39 948 

Neptunium 

Kp 



Arsenic 

As 

33 

74 9316 

Nicke) 

Ni 



Astatme 

At 

85 

(2101 

Niobmm 

Nb 

41 


Bartam 

Ba 

56 

137 34 

Nitrogua 

N 



Berkclmm 

Bk 

97 

1249] 

NobeLum 

No 



CcryUiUffi 

Be 

4 

9 0122 

Osmium 

Os 

76 


Bismuth 

Hi 

83 

203 080 

Oxygen 

0 

8 


Boron 

B 

5 

10 811* 

Palladinm 

Pd 



Broimne 

Br 

35 

79 909* 

Phoaphorus 

P 

15 

30 0733 

CadmiucD 

Cd 

48 

112 40 

Platinum 

1*1 



Calcium 

Ca 

20 

40 03 

Plntoniom 

Pu 

94 


Californium, 

Cf 

98 

(2511 

Polonium 

Po 

84 

(2101 

Carbon 


6 

12 0111S‘ 

Potassium 

K 

19 

30 lO’ 

Cenum 

Ce 

6S 

liO 12 

Praseodymium 

Pr 

59 

140 007 

Cesium 

Ca 

55 

132 005 

Proraelbium 

Pm 

01 

IU71 

Chlorme 

Cl 

17 

35 453* 

Protoctmium 

Pa 

91 

1231] 

Chromium 

Or 

24 

61 096* 

lladmm 

Rh 

83 

1226) 

CoWt 

Co 

27 

53 9332 

Radon 

Rn 

86 

(2221 

Coppor 

Cu 

20 

63 54 

Rbenjum 

R» 

75 

ISO 2 

Cunum 

Cm 

96 

(2171 

Rhodium 

Rb 

45 

102 009 

Dk'sprosiua 

Vy 

CO 

102 50 

RubiJium 

Jib 

37 

85 <7 

Einsteinium 

Es 

99 

(2541 

Ruthenium 

Ku 

4t 

101 07 

Erbium 

Er 

63 

1C7 26 

Samanvin 

Sm 

62 

ISO 35 

Europium 

Eu 

C3 

161 96 

Scandium 

Be 

21 

44 95C 

Eettnium 

fkn 

100 

(2531 

Selenium 

Be 

3-1 

76 06 


r 

9 

18 99S4 

Silicon 

Si 

14 

2S OSC* 


Fr 

87 

liSSI 

Silver 


47 

107 870* 

Codolinium 

G(i 

64 

157 25 

Sodium 

Na 

11 

22 0893 

GalLum 

Ga 

31 

C9 72 

Strontium 

Sr 

33 

sr 62 


Ge 

32 

72 59 

Sullur 

B 

16 

33 OCl* 

Gold 


79 

196 067 

Tantalum 

Ta 

73 

180 0-tS 


lit 


178 49 

Technetium 

Tc 

43 

[99] 



2 

4 0020 

Tellurium 

To 

53 

127 60 


Bo 

67 

164 930 

Terbium 

Tb 

65 

15S 924 


11 

1 

1 00797* 

Thallium 

Tl 

81 

204 37 




114 82 

Tbonum 

Th 

90 

232 03S 


I 


126 9044 

Tbultum 

Tm 

69 

IDS 034 



77 

192 2 

Tin 

Sn 

50 

118 69 




55S4T* 

TAat&nm 

Tv 

22 

« 


Kr 

36 

83 80 

Tuncsten 

W 

74 

183 85 




13S Ot 

Uranium 

U 

92 

23S 03 




207 19 

Tanadium 

Y 

23 

60 943 


Id 

3 

6 039 

Xenon 

Xd 

54 

131 30 



71 

174 97 

Ytterbnim 

kb 

70 

173 04 

Magnesium 

Mg 

12 

24 312 

Vttrium 

V 

39 

89 903 


Mn 

25 

54 0380 

Zinc 

7n 



Mcndelevium 

Md 

lOt 

(25CI 

Zirconium 

Zr 

40 

91 23 } 


* A value girea In hrackete deaotea the oian couber «f the botepe el looicat keoan hall Ufa or the 
vBiiea becauw ef natut^ Taiiatfana fn the Isoterfe renipositJon of the efemmi. 
The observed ranee* are boron, ±0003 earbon. ±OOUUOS, hyOracen, ±OOiA>01, osjxen ±OOWI. 
adjcon. ±0 DOl iuIfur,±OOCO , . . v > 

*Tbe atoinSeneiAt I* believed tohave an *ai'ertew»talan**rt«.±ty 01 the lon<«\namaiolt'idc btmlne, 

±0 UK. chlorine ±0001 cbronium. ±0 001 , Iren. ±0 003, tilver. ±0.fn3 1 oe other cimecta the Uat 
<hti( (iTTO ta believed to be rehablo (o ±0 j 


*Dased on Table of Ategiie trdsbia and printeiilv I>emiiu0ao( the International t'nion e( Ibire and 

Applied Chemistry and the SutterworthfieieoUdortEbiMatfOsa. 
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Classification of the Proteins 



1 tfaaKnanna 

1 Ctaarui 


A,Snmfle fteliit 


(1) ARumtiu 

Soluble 10 water aad coafuIaUe t^r beat 
{Reseat in loibasiiBalaodfdaot tissue 

Strum eJhriuu, iff aUmmui 
s aad vanous vegetable albtuDnss sucb as 
Xmrrna (ia wbcat rye and barley) fcg»- 
■ta/ia la lentih, soy bean bem aad 
peu and ykoidia In kidney bests 

(2) CTo^iar 

Sahiblemcfifulcsaf Bc sobtMios mtflbbie 
In water Aniaul glabsbiia are coop 
bled by beat. Vegetabk globulos un 
perfectly or not coapbicd by Iwat 

5in« gMa/iu fintuitn (and fhnui nid 
liu el egg yotk and vegetable globulins 
such as tadstm (Brast-nal) tJesti* 
(besop), ykumfia (kidney bean) frgu 
mtM (peas aad lentils) and 3iiI<rM (po. 
tale) A oumber of other vrgeuble 
gInbutiBs have been isolated and named 

(I) Clairbas 

Found only (a plants, tnsohibk us water, 
taCne or alcobot bat tolable la very 
dilute alkali 

CTutniia of wbeal <vy»a>u of nee and 
(fabdia of Bsaixe 

(4) ^’rafuaiiaes or 

Fouad la cereals (except fKe) soluble in 

Gsadm of wbeat, bardkiu of barley and 

Gramas 

70-90 per cent akoboL ImoteUe la 
water They costaio a large prepertiae 

anooltnassc 

(5) dlivtninndf or 

Especially resisunt to tbe usual reagents. 

JCwofi* of bur, skin bene, retibera, lor 

ulmftaUuu 1 

They enter leto tbe oonaiiuevon of 
protective and connective lussea, e g., 
skin tendons, ligsmenu and bones 

loise sbeD aad egg-abell, ikxhn ttUa 
got aiitin aad ^ lendeos, Eg 

amenii, bone etc. 

(() ifitims 

Soluble in witet arid ptoopiutod by am- I 
moaia aoluCion aad by afkakndL Tbcy j 
contaio a brgt percentage of diaotiao I 
acids (p. 623) 1 

Othn of bmoglobiD lijmut lutent 
uamhru and gadai futaM us sperma 
lozDo of mackerel and cod-Ssh rapee 

fT) Prtttmt) 

Found u combuulKm with aodtx aed J 
1 n beads of &b spenaaioaoa. On I 
Slrucled predoauoaatly of dianino I 

SalmtMf and dunme us speiraalotoa of 
laloson end sturgeon respectively 

B C^njuftleJ froltuu Pr«tesas wime maikeaU a caalmni m taoiher voa-proitta gn^ 

(1) fineUtfreUtHi 

NaclcK sod u eambuuuoB With a pcotcu 
beloBfirg usually to ibe class of butones 
or protim nea. Found m cel) eudei 

Seecb. 4S 

(2) Chrenfp'tkiiu 

Protein In combinition wftb o pignsrst 
(e. g., bemabn} coataioing uon copper 
or olber sieta] 

Kemogipbui, benwcysnin, etc. 

(3) OyttprtlaM 

Prolans olber than ouclnpioreina us 
comtuaatioa wstb a carbobydnlc group 

ituciu In aaJivajy gaSlnc aisd Intestinal 
secrelioiis, nrmuttti of egg wkte and 
thnimuacetJ of cartilage 

(4) LipeptUtmt 

PtotORS Isi ennbiaaUoa vitb bprd 

Present in plasms, milk, cell auclet 

(5) PicifhafrfUtU 

Pretemi olber than nucleoprotetas and 
lealboprolans in combioatioB wtib a 
pboqdKRXS-containsng group 

Csianegn (and casern), vrleffm of egg- 
yolk 


C Dmwtws »/ fratoKJ— Amn/ These an pfoduced by Ibe teboo of acids, alkalis or proteolylJe 

tnaymes apon certain of tbe protdos Bsied above 


(a) PTtmt^ientahta 

(I) /yrfewj Insoluble products formed la tbe early 

stage of tbe actmo opoi proieni of 
iraler, dilute aods sndcoaytiita 
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Classification of the Proteins (Cont.) 



C. Dmvsixtes ef prelrtns — Jn saltj f «!«« awd 

(2) Iftlo^tietiis 

(3) Coa[uLitrJ prt- 

Inns 

(b) Stro*djry cttftBcs 

Formed a a Utn stage of the octna of 
sod or aOtali 

Formcdbytheactionothekterofafeoliol | 
npoD sofotioTa o( pnitema ' 

yfeaf aetaprotem etlel, r&eiaproUia 

(1) Prctee r, ! 

(2> Peftmts j 

1 

Formed by the«(t>on(>fptpsinort>Tpsm ; 
tipon pro nns Tlq, arc aoloble in 
water Iromvb eh they a cprcopitatcd ; 
by satqralion with stnnrnuuin sulphate. ' 
they art Incoagulable by beat 

These represent a ftirtbe stage n action 
of proteelytx etitynea. Thef are soio 
bte in water but art not ptccipilated 
from an a^eoas sotuuon by anuno- 
mum sulphate They arc not coagulated 
by heat 

AHuieu from albumen flsiuJa e from 
globulin eatrese from case n 

(3) ftpiidts is-pif 
Mrs ^ptpuiei 
«Hi P^jpeflUeS 

Products formed !a the final stagea of 
proteolytic d gesuoo 

Clycyt-atan ne leucyt-glutamic aad tic. 


Amino Acids Present in Most Complete Proteins 


I Aunum AmckO'Aods 
A. i/oruamine menoevtsryl < dnds 
Clycioe (or glycoeoll) CsIftKOi et aDino-teeut 
add 

CHj— MI, 

I 

COOK 

AUiune QH NO, or o-»nj no-prop on « aad 
CH, ai— Nil, 

I 

COOH 

Senae CrHNOi orosunuK>-^liyd«ayprepwnie 
acid 

dU CH— NS, 

1 I 

OH COOH 
ThreoiUDe CJHNOi 

CH.CH CH— NH, 

I I 

OH COOH 
VaHne COl NO, 

CH. 

\ 

CU CH— NH, 

/ ( 

CH, coon 


NofJevone CJluNO, 

CH, ai, cn, CH, cn— NTi, 

Leuoce CVHiNO 

cn, 

\ 

cn cir, ai— Nil, 

/ I 
cn, COOH 

Isoleuone, CtU |\ 0 . 

cn, 

\ 

CH C.H— Nil, 

/ I 

CH, CII COOH 

SidfhtiT-ieiilaxn »( motioam no-menocorhes 
onds 

Cysijn* Ciir ,N ,5,0 

CH,— s— s— cn, 

( f 

ai— MI, cn— MI, 

I ) 

coon coon 
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Amino Acids Present in Most Complete 
Proteins (Cont.) 


Methionine, CJInSNOj, 
thiol K-hulync aad 

CH, S CH, CII, CH— NHi 

I 

COOH 


B Moneamin^uarbaiylu attdt 
Aspartic aod CrHgNO 

COOH CH, CH— W, 

I 

COOH 

Glutanuc aad, C^I,NO< or a azBuio-gtutanc 
aad 

COOH CHiCHiCH— NH, 

I 

COOH 

Hydroi>gluliouc aad, CtHsNOi, 


COOH CHiCHOH CH— NHi 

1 

COOH 

C. Diowino-mcnwariox^lx «idj 
Arginine, C«Hi«N«Oi, 


NH, 

C— NH CH, CH, CH, CH— NH, 
COOH 

Lj'aioe, (%HuN,0,, 

NH, 

ai, CH, ai, CH, CH— NH, 
COOH 

H Asoiwnc Amcio-Aots 
P beoylalamne, CsHnNO, 


C— CH, CH— NH, 


Tyrosine, CsHuNO,, 


H H 
C=C 


/ 


HO— C 


\ 

C— CH, CH— NH, 


C— C COOH 

H H 

m. HEttaocvcuc Av&o Acids 
Trypiophane, GiH„Jfd!), 


C C— CHr-CH— NH, 

' I 1 

CH 


. /\ / 


Indole nucleus 
Histidine, C^iNrO,, 


loiidaaol nng 
Piolioe, CJIAOi, 


CUr-CR, 

I I 

CH, ai— COOH 

N/ 


NH 


Pyrrole nucleus 

Hydmyprotine (oxypreliae), CiHiNOh 


HO— CH CH, 

I I 

CH, CH— COOH 


NH 


H H 
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Ash Content ot Edible Portions of 
Some Common Poods 

(MocIiBed (rom LusV.) 


Dt IW C*AM« TUtB tUtCTUrC 



1 

1 

s 

t 

1 

1 

1 

s 

1 


S 

B 


»r 



•r 

«r 


■r 

Beefs(eski leu 


a 

2^ 

67 

35 

22 

SO 

Liver (beef) 

8 d 

11 ( 







i c 

67 

9 

IS 

14 

16 

100 

Milk, whole 

0 2 

120 

11 

51 

142 

94 

120 

Comiseal 

1 1 







Ostmeel 

3 7 

93 

222 

81 


380 

35 

Kice polished 

0 7 

8 

27 

21 

68 

89 

50 

Wheat floMi 

1 ^ 

26 

30i 

69 

146 

86 

76 

>Vheat entire 









5 2 

44 

17( 

106 

515 

469 

88 

Beans lima dried 

7 2 

71 

187 

245 

1743 

J3fe 

25 

Beans string 








fresh 

I 6 







Cabbage 

0 9 

49 

14 

20 

243 

27 

13 

Com, sweet 

0 S 







Peas dried 

5 ( 

100 

145 

118 

880 

397 

40 

Potatoes. 

1 2 

11 

22 

19 

440 

61 

30 

Spinach 

3 6 







Turnips 

0 6 

61 

169 

59 

332 

51 

40 


0 3 

10 

8 

15 

125 

13 

4 

Paisins 

3 6 

57 

9 

141 

830 

126] 

70 
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Average Composition and Energy Values 
of Edible Portions of Some Common Foods 



man 

m. 



T»l#» 

Hxaji 

ft 

w 

krlnU 

A>h 

twie 



r*-* 

rwM 

I'M 



«b»t« 


Xfeat 








Betf round Iteak, mediua («t 

54 S 

23 5 

20 4 





Matton, le; rout 

S09 

25 0 

22 6 


1 2 

3 125 


Fork luis Juocltcoa baettOv »ide 

*91 
18 8 

225 

99 

21 0 
67 4 


5 8 

4 4 

2 8-0 
6 665 

1 305 

3 030 

Quckca 








Broilen 

74 8 

2J 5 

2 3 


1 1 

1 tio 

SOS 

Flsb cod, stholc 

U< 

16 5 

4 


1 2 

715 


Remcc wbs e 

72 S 

19 5 

1 


1 5 

1 455 

6(0 

Sabnea «bele 

64 6 

22 0 

22 8 


1 4 

2090 

9<0 

Trout, brook, vbolc 

nt 

19 2 

1 


i 2 

990 

445 

Tau 








Batter 

It 0 

10 

85 0 


30 

7 910 

3 (95 

Un) 



100 0 



9 285 

4 2M 

Su«t 

U7 

47 

81 8 


03 

7 790 

3 540 

Cheese 







2 165 

Aacneu ted 

2$< 

•^8 

383 


35 

4 765 


870 

33 

4 0 

5 0 

07 

715 

3J 

Egp, hens bo> rd 

72 2 

15 2 

12 0 


08 

1 6&5 

765 


n 5 

n 4 

1 0 

78 8 

08 

3 hSO 

7 IpW 

Bread white 

55 6 

93 

1 2 

52 7 

1 2 

2 690 

1 705 










84 8 

0 4 

0 5 

14 2 

03 

tM 

no 


75 3 

1 3 

0 6 

22 0 

0 8 

1 010 

4«0 


80 9 

1 0 

0 8 

16 7 

06 

805 

365 


93 0 

08 

0 1 

5 7 


267 

170 

Onnjts 

889 

08 


11 6 










3 530 

1 605 


r 8 





ctbur 

91 5 

1 8 

03 

5 6 

I 0 



T ettrirr 

94 7 

1 2 


29 




IVifetm 

75 5 

25 

0 1 

209 

1 0 

9(8 

4«} 

Supr fTinuUted 




looo 


4CO0 



59 

12 9 






Cocoe, powder 

88 

21 8 

28 9 

37 7 

7 2 

5 ICS 
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Recommended Dietaiy Allowances* 

(Food and Nutniion Board, National Reseirclx Council) 
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Abdomen, muscles of. 10&-108. UO 
Abdominal svall. 110 
Abduction, 82, 83 
Abortion, 542 
Abscess 177. cold, 123 
Absolute refractory period. 456, 457 
Mworpiton of food 383, 384 
Acetabulum, 66, 67 
Acetone, in diabetes, 410 
Acetylcholine. 261. 523-530 effect on 
heart, 251, produced by cardiac vagus 
262 

Achroodcxtnn, 347 

Aads, iO, 11; aceuc, 166, 414, accfoacctie. 
410, araehidome, 424, ascorbic see A lU 
min C, upartlc, 414, of blood, 186, 187. 
carbonic, 186, 187. cevitamic, see Vita 
mm C, effect— on capillancs, 267— on 
respiration, 187, 307, essential, 424. cx 
eretion by kidneys, 167. fatty 330. 411 
— of bile, 373, glutamic. 414. hydro- 
chloric, 7, ll~as catalyst, 338— m gas 
inc juicc, 338, 359, hydroxybuiync, 410 
la«ic — of blood, 186 187 — and gl)Co 
gen 91, 93 — in muscular coniraaions 
91 — oxidation of, jn tissues, 9J, B3 — m 
sour milk. 337, Iinoleic, 424, Iinolcnit. 
424, oleic, 411, palmitic, 411, phos 
phone— m muscular contraction, 94, 95 
— in nufJcjc aads. 417, 418, pteroyglu 
tamic. see Folic and, steanc, 330 411, 
unc, 420— m unne, 187, 441, see also 
specific names 

Aad base balance. U. 12, 187 
Aademia 187 
Aadiiy, II, 12 
Andosis. 187 

Actomegaly, 37. 540, 541, 542 
Acromion, 59 

ACTfl, see Ilormoncs, adrenocorticotto- 
phic 

Aain, 01 


Actomyosm, 80, 91 
Adams apple, 312 
Addison. Thomas. 555 
Adduction, 82, 83 
Adenine 417-420 
Adenohypophysis, 535. 536 
Adenosinediphosphate Q1 95 
Adonosinetriphosphaie, 94 95 
Adiposity, see Obesity 
Mil*, see Adeneninediphosphate 
Adrenal gland. 570, 4(Vf 55517, autonomic 
supply 10 , 527, 528, and carboIiyOrati. 
metabolism. 411, 557, cortex of, 535- 
578. medulla of 557-557 539 
Adrenaline, 267, 523, 530, actions of, 523, 
m exerasc, 318 m heat production, 
401. hyptrglya-mie elfect of, 409. and 
sympathetic nervous syttem, 328, 557, 
559 

Adrenergic, defintimn. 530 
Adrcnm. see Adrenaline 
Adrenostcrone. 557 

Aerobic phase of muscular comnciion. 95 
Afferent, as applied to nerve, defmiiion, 
451 

African sleeping sickness, 183 189 
Afterbirth, 675, 677 
Aftetimages COO fn C02. 603 
" After pains 677 
Agglutins 168 192 
Agglutination. ICG 
Agglutinogen, 163 
Agranulocytoui 175 

Air. alveolar, 297, 297, atmosphenc. com- 
position of. 278. 2h',. expired— composi- 
tion of. 297— loss of water fn, ISO. pres- 
sure of. 293 291 
Air passages, 2^*011 
Mr sacs (air saccules) 2«5 
Airplane, astenfr. effects on bcxlr. 302. 

303. descents effects on ear drum 303 
Alanine. SSi fn.414 
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Alljumin, 417. m urine. 442 
Alcohol. 337. absorption of. 333. formed 
by yeast. 26 
Alkalcmia 187 

Alkalis, II, reserve, 187 — in kidney du 
ease. 187. 440 
Alkalinity, II. 12 
Alkalosis, 187 

"All or none law." 456. 438, 459 
Allergy, 193 
Alpha particles, 3, 4 
Alveolar air, see Air 

Alveoli of glands 327. 328. 344, of lung. 
235, of mammary gland C46. of pan 
cu-as 370 

Amoebic dysentery, 188 189 
Ammo acids 332 334, 336. 414-^17, 709- 
710 conversion to gluaise. 415. deami 
nation of, 415, essential (indispensable). 
4IG, nuiritional value of. 415 
Ammonia, in tinne 441 
Amnion 666, C67, 669 
Amoeba 16. 17. 148, 149, as cause of 
amoebic d}«ntery, 188, rrproituciion 
of 632 

Ampulla of bile duel. 369, of semi 
arcular cinab, 617. of Vaicr, 369 374 
Amylases 339, pancreatic lee Amylopsin, 
salivary, see i’tyahn 
Amylopsin. 369. 371 
Anabolism, 26 

Anaerobic phase of muscubr caniraction, 
95 

Anal canal, 33l 

Anaphase, see Mitoris (Fig 4917) 
Anaphylaxis, 193 
\nasiomoses of brain. 217 
Anatomical position of Ixxly, 37 
•Anatomical snuff box," 124 
Anatomical terms of certain structures. 

33, of position, 37 
Anilrostcronc, 637 

Anemia, 157-159 as cause of anoxia, 310, 
dyspnea in 311, hv[>ochnimic (micro 
cytic). 159 macrocytic, 159, pcmiaous 
(hypCTChiotmc), 157, 158 
Anestnis, 649 
Angina pectons 269 
\niline, 14. 15 
Animalculac, 15 
\nions, 8 
\node, 8 


Anoxia (anoxemia), 302, 310, 311, 449. m 
airplane flights, 302, at high altitudes, 
see Mountain sickness 
Antacids, 359 

Antebrachium, definition, 117 fn. muscles 
of, 1I7. 118 

Amenor pobomytlitis. 183 190. 194. 505 
transmission by saliva. 348 
Anil A, 168 
Anti B. 163 
Antt Rh factor, 169 
Antibacterial agents, 190 fn. 196 197 
Antibmlics 197, anion of. 197 fn 
Anybodies, 191, 192 in blood, 152 
Anticoagulants, 162 
Anildiuntic principle, 533, 544 
Alitigen antibody reaction, 16S, 192 
Antirheumalic action of cortisone, 556 
Antithmmbln, 161 
Antitoxins. 191, 192 
Antrum of Highmore, 56. 282 
Anuna, 440 
Amis, 145. SSI 

Aorta 205, 212. 213 225. 283, 370, abdom 
inal. 221. 222. branches of, 212. 213 
opening for. in diaphragm 110 143, 
Ihoraac, 221 

Apet (apices), of lung, 284 
Apex beat, 210 241 

ArL. see IIormoDcs, anterior pituiiary- 
lile 

Apnea. 307 
Apomorphinr, 365 

Aponeuroses. 3S. epicranial, OS palatine 
341. palmar, 127. plantar. I4I, 142 
Apoplexy, jee Cerebral hemorrhage 
Apothecary system 702 703 
Appendices epiploicac, 3^2 
Appcndiaus. 3S0, leucocytes in, 175, 
votniung in. 364 
Appciiic. 3CC 
Aquedua of Sylvius 517 
Aqueous humor, 576 
Arachnoid graiiulaiioiis 5l6 
Arachnoid mater, 492,315. 516 
Aiarivnotd of spinal aird. 47 
Arches, of aorta 212. 213, branchial 
(viiccral) 672. 673. of foot, 73, palmar 
— deep, 220 — superficial. 219 220 plan 
Ur, 227. vertebral, 40 4! 

Areas of cerebral cortex, 460 
Areola of mammary gland, 616 



ArgmjRC, 4H 

Anstoiles cxpcnment, cutaneous locabza 
tion C27 

Articlh stages o[ 174 

Arterial hjpcrtonsion 249 

IrtcrioJcs SOQ 207 afferent 433 437, 
aiitoiioiriic nenes to 2C2 consinction 
and dilation of 245 efferent 436 437 
part played tn artcnal blood pressure 
245 

Aricnosclcrosis 207 

Arteries 149 200 J07 of abdomen 22117 
anastomoses at base of brain 217 of 
brain 217 of cerebral cortex 215 216 
coats of 20 j tiiscascs of 206 clastiaty 
of ualb of 217 243 of forearm S!6 
219 of hand 220 of head and neck 
21317 of leg 224 225 nutnem 218 
pulse in 239 240 structure of 203 of 
thigh 225 226 of tht rax 22( tunics 
of 20j of upper limb 2l7ff «e also 
felloiLing entry 

Arteries specifically named afferent and 
efferent of renal glomerulus 435-437 
anterior cerebral SIS 216 antenor in 
Icrosseous S19 anterior ubial 226 227 
aorta are Aorta* arcuate 227 ascending 
pharyngeal 214 axillary 218 432 
basilar 216 217 brachial 217 218 219 
482 bronchial 272 earoticctjmpanic 
215 carotid 270 271 ctliac. 221 222 
central of retina 213 cerebellar 2IC 
cerebral 215 216 ciliary 210 colic 

223 common carotid 215-215 common 
ibae 221 224 common inierossrooj 
219 coronary 237 208 cortical 215 
costoccnical 218 cremasteric 221 den 
tal 214 digital (hand) 220 (foot) 227 
dorsal metatarsal 227 ilorsahs pcd« 
227 external carotid 214 cxtcnnl iliac 

224 faaal 215 femoral 22117 487 
gastric 222 gaslrodiiixlcnal 222 gas 
iroepipfofc 222 fiq>THc 222 373 He 
ocolic 223 inferior cpigraslic 224 — 
gluteal 224 — mesenteric, 221 223 224 
innominate 215 214 inlcnial carotid 
215 216 Internal iliac 224 internal 
mammary 217 lacnmal 216 lingual 
211 maxillary 214 meningeal 214 
mlldle cerebral 216 nutnent 218 ob- 
dnraiOT. 221 occipital 214 ophthalmic 
215 210 oiartan 221, 223 jialma^- 
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digital 220— metacarpal 219 220 per 
foraung 22 j peroneal 226 227 plan 
l**^l«eral media] and metatarsal 
227 popliteal 224 22G posterior auric 
utar 214 postenor communicating 

216 217 postenor interosseous 219 
profunda bradiii 218 prcftinda fern 
oris 225 pubic 221 pudendal 224 
pulmonary 205 236 272 radial 219 
482— recurrent 219 renal 221-223 434 
436 437 splenic 222 subclasian 213 

217 subsrapular 218 superfioal urn 
porat 214 supenor gluteal 22C supe 
nor mescnicric 221 223 370 superior 
pancreatic duodenal 222 223 superior 
rectal 223 supenor thyroid 214 supra 
orbital 216 testicular 221 223 ihyro 
cervical 217 218 tibial antenor and 
posterior 226 227 ulnar 218 220 482 
—recurrent 219 umbilical 670 uterine 
224 vaginal 22J icrfcbral 210 217 
270 271 

Anhntis 77 toriisonc and 556 
Arlictibiiun 38 types of 71 
Artifiaal respiration ste Rcspintlon 
Aschbeim Ziinilrk ifst set J rrgiianey 
Ascorbic acid seeNiiaminC 
Ash content of edible portion of foods 
711 

Aspartic acid 414 
Asphyxia 198 
^stlgmatlsm 593-595 
Atheroma 206 
\thetosclero<is 206 

Athletics 96 97 see oho Muscular cxer 
Allas 41 

Atmosphere composition of 29} pressure 
of 289 rclaiive bumiditt of 401 
Atom 3lf cirbon 13 14 hydrogen 4 
nucleus of 3 structure of 3 
Atomic numticr 4 
Atomic Ueighi 5 
ATI* see Aden ntnelriphosphaie 
Atnoxcntncular bundle 2 j 7 
Atrium 201 of lungs 285 
Atrophy 43(j 

Aurmmyem 197 

Auncle of ear see Pinna of heart see 
Atnum 

Auscultatory method of measiinng IiIoimI 
pressure 2 j0 251 
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Autonomic rcnous s)stem 2G0 52<fr and 
control of blood vcsscii 26’ 263 ef 
fectJ on bod) structures 523 (Table) 
functions 526-528 paras)inp3ilciie cb 
vision 200 521 52o supp])ing bladder 
4ii supplying smooth mUKk 3St 
sympathetic division 260 52a 526 
transmission of effeas by clicmiols 
523 530 

Avitaminosis rcc\iiamtns dcfinenocsof 

Avoirdupois system '<02-701 

Axis cylinder process see Ason 

Axis of pelvis rg 

Axolotl thyroidectomy of 533 

\xon 4a3 453 

BabinsLl response 521 C77 
Baalhis 189 190 anthrax 139 diph 
iheria 190 tetanus 183 190 tubercle 
189 190- typhoid 189 190 
Bacteria 189 190 632 destruction in 
I)raph nodes 184 pathogenic |90 
puircfacihe In intestine 3^6 pvogenic 
191 reproduction of 63’ C35 and 
s)7ithcsis of vitamins in intestine 190 
432 

Bacteriocidal agenu 197 
Dactcnolysins 191 193 
llattciiophage 189 
Bnctcnoseaiie agents 197 
Baking soda 186 see also Sodium hicar 
Ik nace 

Balance acid base see Icid baK balance 
Balt and socket joint 75 
Barometer 293 29 i 
Basal metabolic nce (B'tR) 33i-394 
Basal metabol sm 391-398 4” mvasure- 
ment (f 391-397 
Basc(s) chemical 10 
Case of Iving 28 1 
Basophil 173 174 

B«1 vvctiing see Nocturnal enuresis 
Bill Sir Charles 47 J 
Bell Magcndic law 474 
Bends 303 

Bened ct Roth apparatus for measuring 
BMR 39 > 396 
Bcnben 427 

Bernard Claude 40? 411 562 

Bicipital groovxr CO 

Bicnspils see Teeth 

Bile and absorption of \iiamin K 432 


aimpisition of 3'4 3/^ m fat a»«< rp 
tinn and digestion 3"C 377 pigments 
of 374 3 6 salts of 376 sccrriioii of 
S''4 

Bile salts see Bile 
BHfmijfn 374 375 
Biliverdin 374 57a 
Binocular vision see Vision 
Biogenwis law of 072 673 
Biotin 426 
Bipcnniit muscle 81 
Birth mechanisms 674 675 
niacL Joseph 280 
“Blackout " 275 

Bladder 221 434 455 444 52.-) 527 529 
autonomic supply to snj 527 evacua 
lion of 444 41 of female C39 in 
nervation of 443 444 peritoneum of 
366 

Dlaslivcyst 666 668 
Bleeder 1C2 163 
Bleeding see Hemorrhage 
Bl nd spot 581 582 

Blood 1481T arils in 186 187 alkali re 
serve of 187 alkalinity of 187 carbon 
dioxide of 187 catbi me acid of 186 
cells of see Eryil rocyics, leiieocyics 
Rcuciil'«cyifs Tl ri mliocvics ccnirifugi 
separaiion of 131 nmilannn td see 
Qrculalion coagulation of see Coagu 
laiion of bl>cd ci mpaiil ility of 16“ 
CompisUion of I''0-‘1S2 funcilois of 
ll'^fT glucose of see BIikhI sugar 
groups 167 lactic and of 186 />l{ of 
IRC partnl pressures of respiratorv 
gases in 293 290 pla.sma of see BIkkI 
plismv quantity of laO — in man tain 
ing Wwxl pressure 247 sixlaim b car 
bonate in 187 substitutes 161-166 
transfusion 16rfT viscnsity of 151 217 
vciliime 149 — in hemorrfiage 164 — In 
R icnced by temperature 401— in shock 
IQS 

Blood cholesterol 200 

Blond plasma 151 IDT composition of 

ISI 

Bl»od pressure a Innaline and 5'8 559 
diastolic 214 2 jI emotion and 219 
exercise and 219 factors maintaining 
2lj 246 hemorrhage and 163 166 
2 0 high see Vtictial hypcrienwon 
levels of 248 mean 241 ncasuiTmcni 



of, in animals and man, S43. 244. 250. 
251; phases of, 244. in Tenal vessels, 
4S6, 437: systolic, 244. 251, sanations 
in, 249. 250. in vcnindcs. 23G. 237, 239 
Blood sugar, 151. 152, adrenaline and, 
553, 559, tn diabetes, 400, 410, effect of 
hypophysis on, 536, insuhn and, 409, 
410. in muscular cxcrase, 97 
Blood sessela, autonomic supply to, 529, 
control of, 262ff, reflex control in. 263. 
264 

"Blue babies ” 6?l 
BMR, see Basal metabolic rate 
Body, anatomical position of 37, defenses 
of. ISSff, fluids of, 148fl, planes of. 37 
Body, carotid, in control of respiration. 
306, geniculate. 494. of nerse cell, 453, 
NissI, see Nissl bodies, pcnneal. 110, 
star, see Afitosis, titreous, 565, 576, >cl 
loiv, see Corpus lutcum, see also Corpus 
(Corpora) 

Body plasm, 633 

Body temperature, 391. in axilla mouth 
and rectum, 399 chemical factors m 
control of, 402. 403, of dilTcrcnt ani- 
mals, 400. exercise and. 399. hypothala 
mus and. 495, physical faecon in con- 
trol of, 400-402, regulation of. SWff— 
blood and, 150 — centers for 401, 405. 
skin and, 400, 401, 419 
Bones, 25, 5{fr, action of hormones on, 
33. calaum of, 32, cancellous (spongy). 
32. 34, cells of, 32, compact, 32 dovcl 
opment of, 31-36, of iiiigeis, 30 63 66. 
fluorine in, 32 of foot, 72, 73 of fore 
arm, (JOfl, formation of, 36, 37, general 
description of Sl/T, grouih of, 34-37, of 
hand, 64, 65, of head. 47(f, 58 . 59 of 
heel 72. of hip 66, 67. in hypoparathy- 
roidism. 561, of jaH, 47. 49 55-58 CO. 
61, 282, lamellae of, 32. laminae of. 39, 
as levers, 141, 142, of loucr limb 66(1, 
ossincacion of 34, 35, parts of, S3, pho$ 
phaiasc of. 34 phosphorus of, 52, red 
marrow of. 31. 35 resorption of. 36 37, 
sesamoid, 37. sintcttitc of 32/1, soiwal. 
37; of IOCS, 73. irabeeulUe of. 34; 
tuberosity of, 30. of upper limb, 60(1, 
Vitamin D and, 429, 432. urisl. 61; 
yellow marrow of, 33, see also /olloumg 
entry 

Bones, ^iraCcaJly named anvjl, see Incus; 
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atlas, 41; axis, 41, 42, caJcancum, 72. 
capitate, 63, carpal, 30. 35. 64. clavicle 
(collar) SO, 59 62, coccyx (tail). 30. 43. 
44, cranjuin, 50. 47(r. cuboid. 72. rune 
tform, 72. 73, ethmoid. 47. 54. CO, 61. 
282. femur, 30 33 69, 70. fibula, 30, 72; 
frontal, 47 60. 61 141. 216. hamate, 
fri 63 hammer, see malleus humerus. 
30, 60 G3, hyoid 57. 214, ilium, 30. 66, 
67, incus, 604-600 ischium 30, GG 67. 
lacnmal, 47 55, GO, lunate, 64. 65. 
malar 53. malleus 6(W-G06, mandible. 
47, 57, 54, 60 61 maxilla 47. 48,55 56, 

60, 61 282, metacarpal 30. 61 65. 123, 
meiaursal 30, 72-74. nasal 47. 48, 53. 
54 60, 61, 144 282. nasal <»ncha(ac), 
54, 55. 60 occipital 47, 43, 61, os coxae 
(pelvic) GC. 67 palatine. 47, 55 61.282, 
parietal 47, 48, 60 61, pjielbi. 30, 70, 
petrous, 51, see also temporal, phalanges 
of fingers and toes SO 05, 66 <2, 73. 
pisiform 64, pubic, SO, GG 67; radius. 
30. C2-GI. nbv 30, 43. 143, sacrum, 30. 
43, 44 1S2. scaphoid, &(. (35, 72, scap 
ula, SO, 50 €2 srsamotd 57. splicnotd. 
47. 51. 53 CO Cl. sia|x-s. C6t 603, 618, 
sternum (bnast) SO, 44, 143 tilmip, 
ue stapes talus 72. 73. »rul, 30, 72- 
74. temporal. 47, 49 50-52. 60 61. of 
thumb 63. tibia (shin) 30, 70, 71, 7S, 
trapemm, 64, 63, traperoid, 64, 63. 
tnquciral. 61 65 turbinate see nasal 
concha, ulna, 30. 62-61, verlebra(ae). 
JOB 143 — cervical 30, 41.42 — coccygeal. 
45 — lumbar, 50. 42, 43 — sacral. 43. 4( — 
thoraac. 30 42, 43, vomer. 47, 55, 60. 

61, ft’ormian, 37, aygomatic (cheek). 47. 
53 GO 61 

Bone tnarrow, red, 34. 35, 154, 157, 173. 
177— increase at high altitude, 160: jel 
low. S3 

Dowels, see Intestines 
Bowman's capsule, 436, 433 
Boyle. Sir Robert. 2S0 29G 
Dradiiocephalic, 59 

Draduum. definition, 117 In: muscles of. 

118 

Bradycardia. 427 

Brain. 4901T, circulation through, see Clr- 
culauon. cerebral, decortication of. 490. 
502. gray roauer of, 454, 492, 493. 497, 
507. iniclhgence and, 501. 502. inter- 
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prctalion of impulses by 583 mem 
branes of 514(1 sensory impulses amv 
ing in 461 50^ 506 of vanous loner 
animals 490 491 waies 506 nhitc 
matter of 4a4 497 507 
Hrain stem 491-493 
Bran 389 

Branchial arches and clefts 672 673 
Break and make shock 85 86 
Breast see Mammary gland 
Breathing see Respiration 
Bromine 8 
Bronchial tree 283 

Bronchioles 283 285 adrenaline and 559 
respiratory 285 lemnnat 285 
Bronchi 280 autonomic supply to S29 
blood supply to 272 
Broom Robert 7 
Broivnian movements 7 
Budding 634 

Bulb of penis 145 6j5 of vestibule of 
vagina 14a 645 646 

Bursae 77 infrapatellar 77 at knee joint 
77 prepatellar 77 suprapatellar 77 
Bursitis 77 

Carreine as dtuictic 440 442 
Caisson sickness 302 303 
Cnicaneum 72 
Calciferol see Vitamin D, 

Calcium in blood ISI — in clotting 161— 
m tetany StiO o5 Ixine 32 in tooils 
7II of milk 647 in nuiniion 421 in 
unne 441 
Callous 37 

Calonc value 393 of vanous fowls 393 
Calone 26 in daily diet 394 422 424 
definition 392 
Calonmcter 394 
Calorimetry 391 
Cab'ana 47 
Calyx 43a 

Canal anal 381 caroiid 215 of cochlea 
606 femoral 225 Haversian 32 In 
guinal 103 644 semicircular 607 616 
018— functions of 617 618 spinal (ver 
tebral) 40 of Volkmann 33 see abo 
Meatus Hteihra 
Canines see Teeth 
Cannon B 562 

Capillaries 15 149 200 207ff 266 267 
bile 371 bleeding from 252 
Capillary arculation 266 267 


Capitulum of humerus 60 
Capon 657 

Capsule Bowmans 436 438 Internal see 
Internal capsule of Kidney 435 
Carbhcmuglobin 301 
Carbohydrates 329 33l calonc value of 
393 classification of 407, 403 and ilcii 
Ul canes S52 digestion of 356 heat 
produced when oxidwed 394 39j fn 
metabolism of 407-fll — adrenal concx 
and 557— hypophysis and 536 — nenous 
system and 411 percent of in daily 
diet 424 used m muscular exercise 97 
Carbon 5 13 11 arc 432 oxidauon of 
26 392 

Caibon dioxide 5 186 187 in alveolar 
and expired air 295 in artificial rcspi 
ration 308 in aimospheie 278 29j 
296 carnage in blood 301 302 dii 
covery of 280 elimination of 187 
formed by oxidation of carbon 392 
formed by yeast cell 26 heat eqiiiva 
lent of 391 partial pressure of 296 
299 produced by neoc 457 in respira 
tory qtioiicni 39" fn 

Carbon monoxide poisoning 169 170 as 
a cause of anoxia 310 
Carbonic anhydrasc 301 fn 
Canliac cycle 237-239 
Cardiac muscle see Muscle 
Cardiac output 237 
Cardiac sphincter 3s9 355 
Cardiospan 350 
Carotene 426 
Carpus So 33 64 
Cartier Jacques 428 
Cartilage 23 24 articulate 73 arytenoid 
315 comiculatc 144 313 314 cricoid 
312 313 cuneiform 313 ensiform 4j 
fibrocanilage 23 fibroclastic 25 hy 
aline 23 21 of larynx 312 313 of 
nose 24 282 semilunar of knee 76 
thyroid 24 103 144 312 313 
Casein 417 
Castor oil 389 
Castration 656 
Catabolism 26 
Catalysts 538 OTgamc,338 
Cataract 57G 
Cathartics 389 
Cathode 8 
Cations 8 

Cavity araniotie (amnionic) 669 glenoid 



59, 75; nasal, 55, 56. 57; oibital, 54-56, 
564, pcmoneal, 363, pleura), 287. pulp 
of tooih, 330 
Carum ons see Mouth 
Cecum. 223. 380 

Cells, iSIf, of anterior horns of spinal 
cord, 472; blood, see Er>ihroqie, Leu 
coc)te, etc; of bone, 32; of arebral 
cortex, 45B; chemicai proasoes ta 3Xf, 
Connective tissue, 18, 33, daughter, of 
gametes, 660, 661, see also Mitosis, cn 
docheliat 20, cnsironmcnt of, 562, 
enzjmes formed by. 338, epithelial, 19. 
fat, 24, fusiform, 433, of gastnc glands 
357, goblet, 20 328, hair, of inner ear. 
607, 617; tntentittal, of testis, 654, 657, 
of Leydig, see iniersutial, mast, 24. 
mastoid, 52, muscular, 18, nerve, see 
Nerve cell, olfactory, 623, 624, of Pan* 
rih, 383, parietal, of stomach, 337. 
FurVinje, 453. pyramidal, of cerebral 
cortex, 453, 493, red. «e Erythrocyte, 
resptratton of, 279, of retiat, 567-569, 
scavenger, see Macrophage, Neutrophil, 
segmentation of. 666, 6C7; of Sertoli. 
632, sex. 634-636, 654, see also Gamete. 
Ovum, Spenn, jpormato^nic, 654. 601 
structure of, 15. 16 of taste buds, 624. 
uhiie, see Leucocyte yeast, 26 
Cciiulose, 346, 5S6, 369, 406 
Cementum, 350 

Centers, of cerebral cortex, 400 control 
ling body temperature, 404 motor, 500 
601,' ossification 35, sahsary, 3J3, vom 
iting, 3G4 

Central nervous system, 4C2lt 
Centrifugal force, 275 
Centrifuge, 151 
Ccntnole, 18 
Centrosome, 18 
Cqilialin, 412 

Ccrtbcllum, 216. 471, 491. 492. 494, 497, 
507II, 511; cortex of. 507. (unclioni of. 
566-510. hemispheres of 507, tnjoncs 
of, 509. peduncles of see Peduncles, re 
moval of. 500, section of, 507 
Cerebral aquctliicf 492, 493 
Cerebral cortex. 407. areas of. 600, 501: 
and conditioned reflexes, 518 519, and 
consciousness, 502, 518. 519, comolu* 
lions of. 497, layers of, 493. momr area 
of, 409, 499 500. 501; removal of. 502: 
section of, 497 


/nc/ex “ 729 

Cerebral hemorrhage, 163 , 206. 271. 505, 
as cause of hemiplegia, 505 
Ccrebnupinal fluid, 516-518 
Cerebrum, 471, 491, 496ft. cortex of, see 
Cerebral cortex; functions of. 499 500. 
hemispheres of 490 498. and jnielJi 
gence, 501. 502 lolies of. 496. 498. 490. 
peduncles of, see Peduncles, structure 
of, m. 197 
Cervix of uterus frt3 
Ccviutntc acid, see Vitamin C 
Cheese. 331, rennm in making of 359 
Clicmical elemenis, 707, liberation of by 
nerves S28, and tlicory of sleep 522 
Chemotherapy 196 197 
Chiasrna optic 216, 572 
Chickenpox, 188 
Childbirth, see Labor 
Chloride, in unne, 441 
Chlonne,5. S. 711 
Chlorophyl 155 

Chlorutracyclme. see Aureomydn 
Cholecystolanin, 574 

Cholesterol 412. 556, In bile, 374, 377, 
432, in blood. 206, testosterone from, 
657 

Choline, 412, 426 
Cholinergic, dermiiion, 530 
Cholinesterase, 262 
Chordae tendmeae. 236 
Chorion 666 

Chorionic gonadotrophin. 669 
Choroid, S6S 566 
Chromatic alierration, 591 
Chromatin. 18, C63 

Chtomatophoris 533, 539, adrenaline and, 
559 

Chromosomes CSOft, and deiennination 
of sex. G&l 665. number of. m man and 
various animals, 665 
Chyle. IS2 3S1 
Chyme. SCO. 373 
rUia. 19.281 

Circle of Wlhi. see CirniJos artcrinsus 
Circulation 20011 adrenaline and 558. 
559. apillary. 266 267. crniufugal 
forci. ami, 275; cerebral, 270, 271. com- 
pared to svatcr system 200. 201. eon 
genital defects of, 671, ronmary, 268 
269, fetal, 670-672; gravity and, 273, 
274. greater and lesser, see iwlcmic anti 
pulmonary, open, 119 portal, 581. pul 
mwiary, 202-20f. 204. 272. renaf. 436. 
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457 space 0 ght and 275 sysicmic 202 
203 203 

Circuliu artenosus 217 
Circumauon 6j3 
Cisierna chyh 182 183 
Ctstcrna of subarachnoid space 516 
Citrate as an anticoagulant 162 
Clavicle 30 59 62 
Cleavage see Segmentation 
Clefts branchial 672 673 
Clitoris 145 646 636 vasodlbtory fbots 
to 525 

Clot 150 160 see also foUouing entry 
Coagulation of blood 152 IGOCf intra 
vascular 162 
Cocci 189 190 
Coeq-x 50 43 44 
Codika 52 60a 606 603 615 617 
Cockerel castration of 656 
Cocks comb see Crista galli 
Cocoa diuretic action of 442 
Coenrymes 338 
Coitus Cja 

Cold efToct>-on blood vessels 26" 263— 
on raciabolistn 403 receptors of 625 
626 

Gold in chest 21 eomtoon 20 tSS 
Cold bloodedness 400 
Cold spots 626 
Collagen 23 diseases of 23 
CoIIess fracture 63 

Colliculi see Corpus corpora quadtige 
mina 

Collip J B 5G0 

Colloids 6 7 9 10 13 151 of thyroid 
gland 546 

Colloidal solutions 7 163 
Colon 2"4 5C8 570 381 absorption from 
386 388 ascending 225 381 descend 
ing 221 3S1 movements of 335 pelvic 
3S1 transverse 223 

Color brilliance of 598 combinations of 
GOI complementary 600 601 contrast 
of— cITecis 601 — simultaneous 599 — « ic 
cessive 601 hue of 693 primary 597 
qualities of 593 599 receptors of see 
Cones of retina Fovea centralis satura 
non of 593 599 vision 596ff 
Color blindness 599 
Colostrum 647 6 j 9 fn 
Col imns anal of Morgagni 38" of 
spinal cord 60a vertebral 31 30(1 


Columnar epithelium 19 
Comfort zone 403 
Common cold 20 188 
Conception 674 
Concha 54 281 2S2 
Condyles of femur 70 of ocapital bone 
50 of tibia 71 
Cones of retina 567 568 597 
Conjugation 612 of sex cells 661 662 of 
unicellular organisms 633 634 
Conjunctiva 561 in Vitamin A dtfiaency 
426 

Constipation 3SS 369 
Convolutions of brain 496 497 
Convulsions epileptic 501 hypoglycemic 
409 in tetany 560 

Cords gangliaicd of sympathetic 523 of 
liver StS spennatic 108 spinal see 
Spinal cord umbilical 670 675 vocal 
314-316 

Conum see Dermis 

Cornea of eye 564-566 opaaues of 427 
pun fibers in C’C m nboflavm defi 
ocncy 427 428 
Corona radiata 640 
Corona! plane 37 33 
Coronary thrombosis 206 269 
Corpus (corpora) specidcally named cor 
pus callosum 497 493 corpus caver 
nosum penis 14a 652 CSa corpus 
iuieum 641 6.1I 669 — formation of 641 
coqiora quadngcmina 492 493 corpus 
spongiosum penis (corpus cavemosum 
urethrae} 14a 652 6^5 corpus stn 
atom 491 502 

Corpuscles 15 see also Erythrocyte Leu 
cocyte 

Corresponding points theory of 585 
Cortex cerebral see Cerebral cortex 
renal 435 

Corli organ of 607 603 
Corticoids 556 
Corticosterone 557 

Cortisone 537 5a6 action of on eosino* 
pills 177 

Coughing reflex 306 
Cranium SO 47IT 

Creatine in muscle 9! 9 In urine 441 
Crest due 67 of ilium 110 nasal 56 
C^tinism 547 550 
Cruta 38 617 
Cnsta galli 54 61 
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Croton ofl. SS9 
Crown oI tooth. 350 
Crural muscles 1331! 

Ctus (crura), o! cUwris. U5, 616, ot 
diaphragm, 287, of tnulbrain, -192, ^93. 
•191, of penis, G55; see also Tctluncks, 
cerebral 

Crustacea, hermaphroditism in, C36 
Crutch palsy. ■133 
Cr)piorcfudism 109 
Crypts of Ltebcrkfihn. 379, 382, 883 
Crystalloid, 7 9, 10 
Cuboidal cpitfulium, 20 
Cumulus oopbonis, see Discus proligerus 
Cupula (cupola), CI7 
Curvature, greater and lesser, of stomach 
357. of spine, see Kyphosis, Lordusis. 
Scoliosis 

Cushings disease, 541 557,558 
Cuticle, see Epidermis 
Cyanide poisoning, 310 
Cyanosis, 310, 449. C71 
Cycle, esirus, 648. 610, menstrual 619. 
DSO—tneet of gonailvtrop)iic hormone 
on, 637 

Cystine, 336,414.417 
Cytolytins, 191. 193 
Cytoplaim, IS, 19. 24 
Cytoune, 417-420 

Dale, Sir Henry* 530 
Darvnn, Charles, 630 
Deaf mutes, 547 

Deamination of amino acids 415 
Death rate, obesity and. 413 
Decidua GG7 

Decomposition of molecule, 5 iloiiblc, 5 
Dscomprcssion sickness, see Caisson dis 
ease 

Decortication of brain, 496, 502 
Di-fccatlon, SS5, 586 
Defenses of the bmlv. 1881! 

Dcfiacncy, ammo acid, 410. sitaratn. jee 
Vitamins 

Degluiination, 351, 355 
Dehydration, 160 
7 Dthydrocholcstcrol. 432 
ll Dchydrocnriicostcrone. 557 
Demilunes of C.ianum. 313. 314 
Dendron (dendrite). 452. 453. 455 
Dental cari«. 352. 353. prescniion of, 333 
Dinial enamel, 350. origin of 320 


Denul pulp, 350 
Dentine, 350. 352 
DcoxyTibcMuicli.ic and, 418, 419 
11 DcoKycotUccttcronc, 556, 55“ 

II Deoxy 17 hydroxyconicosteronc, 557 
Dcovyribose, 418 
Ds-imis 416 

Dexcran as a blood substitute. 166 
Dextrins, 346, 403 
Dextrose, see Glucose 
Diabetes 409 410 caused by extract of 
adenohypophysis S3C. insulin in 400. 
410. in obese persons 413 pancreatic 
400 

Diabeiea insipidus 442.514 
Diabetes mellitus, 409 
Dialysis 9. 10 

Diamond, white light split by 5 fn 596 
Dtapcelcsis. 175. 176 

Diaphragm 110 143 202. 221, 287. 25S. 

334 mmcnicnisiif in respiration, 291 
Diaphragma Htlai 513 
Duphysis 32. 53. 55 36 
Dicunuriii 162 
Diinciplialon, 491, 493 
Oiestru^ 049 

Diet, caloric salue of. 422 421 713— in 
rctaiion to age and activity 421, and 
comilpation, 3S7. 3SS. cHects ut im 
proper. 423, csscimali of, 422, 421. plan 
fling of. 4226 

Didereniiailon. 16. 27. of celts 661, m 
condiiioned reflexes 520 
Diflusion, 8 
Dtitastnc see Muscles 
Digestion 3246. gastnc 3366, In intes 
lines, SWtr. in mouth 3136. process of. 
3336. in unicellular fonns IG, 18 
Digestive system, general plan of. 332. see 
alio Tract, alimentary 
Diphthem baallus 190. 193 
Dip1oCe>cci 189 190 
Diplopia. 683 

Disacdiandes, 329 336. 317,403 
Discs, embryonic, see Embryonic shield 
in joints. 75, of skeletal muscle. 70 
Discriminaiinn of two points. 627. 628 
Discus prohgerus. 6-tO, removal of, 6.)5 
Diseases, transmission by saliva. 313. see 
alio sfveific names 
Dtsiocatron, “7 
Disiodation of ions, 7 
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Distance, \isual judgment of, 587 
Diuresis 4f0, 4f2, 4-13 
Diuretics, 442 

DN V. see Deoxyribonucleic acid 
Dolicocephalic, 59 
DomagSk, Gerhard, 19G 
Donor, of blood, 160 167 
Dorsal, definition, 33 
Dorsal digital expansion 122 
Dorsum sellae, 53 
Du Dois chart, 397 

Ducts 38 aveolar, 285, of Bellini 436 
bile, 369 371, 374, cochlear, 607. 609, 
common bile 37-1 — obstruction of 376, 
cystic, 374, ejaculatory. 653 654. hep 
atic 374, lacnmal 56S, lactiferous. 646 
647, nasolacnmat 56j, pancreatic 369. 
parotid 343 nghl lymphatic 182 183 
sublingual 343. submandibular, 343 
Ductus arteriosus, 670 
Ductus senosus 373 
Duodenal ulcer 359 

Duodenum 222 224 333 377, 378 pen 
toneum of 366. ulcer of, tee Duodena] 
ulcer 

Dura mater, 492. 514, 515, of spmat cord 
471 

Dstarfism due to pituitary abnormalities 
541.543 545 

Dye as an anticoagulant, 162 
Dyspnea 311 

Dystrophia adiposogenitabs 545 

Ear, G04ff, and difference in pitch. 613- 
615, effect of changes m aimosphenc 
pressure on 612 613 inner (internal) 
606-609 middle 51. 52. 604-006. 611. 
612, ossicles of 604 outer (external) 
604, nidunentary 673, scnstinity of, 
616 structure ol COilt 
Ear drum, 605 
Ectoderm 22 fn 667 669 
Efferent as appbed to nerve, dcfiniuon 
454 

Efficiency of muscle 92, 93 
Egg as food, 329 331, proteins of 331, 
417, white of 7 — biotin dcfiacncf and, 
426 see also Ovum 
Ehrhch Paul. 192 1% 

Ejaculation act of 654 
Elastiaty, of artenal walls 246 247, ol 
lungs 2S6.2S9 


Electnc current, of anion, 91, 92, In 
duced 85. 86 of injury, 91, 92. as 
stimulus, 86, 87, 68 

Eicctrocardiogram, 258, 259. waves of 238 
259 

Elccirocardiograph. 253, 237, 258. leads of 
238 

Electrode, 65 

Electroencephalogram, 506 
Electrolysis, 8 

Electrolytes, 8. depletion of, 180 
Electrons. 3. 4, 7 
Ekments 3, 5, 7, 707 

Embryo 666, 672-674, development of, 
666 early human, 669 673 
Embryonic shield, 666 
Emetic, 363 

EfDtTvcnce. hypothenar, 125. ihcnsr, 125 
Emmetropic eye, 593 
Emotion, effect— on blood vessels 262— on 
mpiration, 306, hypothalamus and 493 
496 

Enamel, see Dental enamel 
Encephalon, tee Brain 
End feet 463 
'End organs.’’ see Receptors 
Endocrine glands, 328 532ff calongenic 
action of, 404 and control of bodv 
temperature. 404 interaction of. 561. 
562 see oho specific names 
Endolymph, 617, 618 
Endomeinum, 643, KO 631 
EndomysiUffi 80 
EndosfceJeton, 31 
Endosteum, 34 

Endothelium of blood vexscis 201. of 
capiiJanes 207. of seiexis membranes 
327 

Energy, for conduction of nerve impulse 
456. 457 food as a source of ’329 392, 
forms of 392 measures of, 7^ 

Energy value, see Caloric value 
Enstform cartilage, 45 
Enierogastrone, 339 363 
Enieroimase 571 
Entoderm 667 

Enuresis see Nocturnal enuresis 
Environment and body temperature. 400 
internal, 562 

Enzymes. 18. 328. 337-539. m blood I5I 
of gastric juice, 338 of intestinal juirr 
382. 383, of pancreatic juicc, 369 370 
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of semen C55 see also Lipase Pepsin 
Trypsiti etc 
£ci»nopenia 177 
Eosinophil see Leucocytes 
Epicondjles of humerus 62 63 
Epiilemis 446 
£piilu{)mis 6j2 653 
Epiglottis H4 313 314 
Epimysium 80 
Epinephrine see Adrenaline 
Epiphyseal plate 36 
Ep phases 32 35 35 36 
Epithelium columnar 19 20 cubmda! 
20 germinal 640 of mouth 340 origin 
of 6G7 of sLm 446 squamous SO 326 
stratified SO 32Q transitional of blad 
der 326 

Epsom salts, see Magnesium sulfate 
Equilibrium sense of 609 
Erection of penis 6j5 
Erepsin 383 

Etgosccrol 412 antirachme acuon of 412 
432 irradiated 412 432 
Erythroblastosis fetal s 169 
Erythrocytes 3t 35 151 153ff 173 193 
agglutination of ICC 1G7 in anemia 
{57>159 rcereisc and ntimber of 3‘*0 
life history of 154 in nci«bom C77 
structure of US 154 variations in 
number of I'O ICO 
EryifircKlcxtnn Sl6 3f7 
rrjihromjctn J97 
rrythrophores 539 

Esophagus 281 S2G 333 349 opening 
for, In diaphragm 349 in vomiting 
56-< 

Estradiol 641 6f4 015 617 Cj 7 rG m 
adrenal cortex 557 in placenta 669 
G-0 

Estrin 641 fn 
Estrogen 611 fn 
Estrone 641 fn 
Fstrus 648 649 
Fthmnid see Bones 
Ethyl alcohol 622 
Ftcrslon 134 fn 
Fxoptl almic goiter 551 552 
rxosVcleton 31 
Fxostosos 37 
Expiration 278 2<8 •’00 
Fxiension 82 

External occipital protuliorancc 50 61 


Extcroccpcors 460 
Extractives 362 

Extrafotcal region of retina 567 568 
Extrinsic factor 158 

Eye accommodaimn of 576 578 579 
antenor and posterior cliambcrs of 5Cj 
arteries of 215 coats of 566 567 com 
pared lo a camera 576 578 57J cornea 
of see Cornea defects of 5909 dc 
sCTiption of SGI 56j cctodcnnic origin 
of 66? socEet of 5t structure of 566 
567 

Eyeball see Eye 

Eye strain as cause of nausea 365 

Facet 38 
racihtadon 321 
Fainting 273 274 
Fallnp an lulKs 639 612 643 655 
False pcUis fS 
Falx cercliclli 515 
Falvccrebn 228 515 
Farsighirclocss see Hyperopia 
Fascia 34 anicbracinal 127 of am 127 
brachial 1”7 of leg 140 
FascKiilus dcfniilon 451 sec cbo Tract 
Fascicuhis cuncatiir 472 473 
FasoeuUis grani s 4“2 473 
Fats 26 S^O-SSl absorption of 381 
caloric value of 3P3 cnniptsiilon of 
350 depletion of in hviicfthyroidism 
4!5 iJigfsiion of 35C energy of 412 
heat productitn of 391 39j tnetalio 
lism of 411-413— adrenal ctincx and 
557 — disturbances of 415— hvpophvsfi 
and 513 547 of mill ft? neutral 
411 oxnhlion of 412 prrcrni of in 
daily dit-l 421 storage of 112 strut 
ture of 27 

Fatigue as cause of fainting 2/4 as cause 
of sonnJing 565 
Fatigue toxin " ^22 
Fauces 310 511 349 

Feces 3xc,-3S7 fonnattnn an 1 nature of 
380 387 loss* f Haler in 180 
Femoral shcaih 223 
Femur 30 fO 70 

Fenestra cochleae see U indow round 
Fenestra vesfihult see It tndow oval 
Ferment see Fnryme 
FcTlihnnion fSr 612 f’O 651 062-665 
668 
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Ictal circulanon 670-672 
Fitus 670 C7-1 673 

Fcicr 401 -IOj basal metabolic rate in 
393 

Fibcn connective tissue 22 clastic in 
artcnal wall 20^ of fibnn in coagula 
tion of blood IGl nerve see Ncne 
fibers 

Fibrin 161 

Fibrinogen 151 152 in coagulation of 
blood 152 161 
Fibroblasts 21 
Fibrous pericardium 204 
Fibula 30 72 
Fillet see Sensory lemniscus 
Fillers lymph nodes as 184 renal glomct 
ulus as 437 438 
Fillcrable viruses 189 
Filtration through kidney 437 433 
Fish brain of 491 as food 331 gills of 
672 tespiTiuon o! f72 
Fission 632-634 

Fissures 33 of cerebral cortex 497 of 
liver see Porta hepatis of lungs 231 
orbital 53 of Rolando 496 499 500 of 
Sylvius 215 499 
Flaccidiiy 503 
Flat foot 74 
Flavins 427 

ricmmg Sir Alexander 197 
Fltvion 82 83 

Flexure cobc 381 duodenojejunal 378 

Floating nbs 44 

Finn of inicsvine S8G 

Florey Sir H 197 

Flour 829 

Fit Is anticoagtilani in mcaiiiiirig I IkhI 
pressure 244 of body lISfT nubro 
spinal 143 517 518 cxinccllular 143 
cxtravascular 148 1"8-180 flterrU by 
kidney 433 of CraaFan follicle C40 
Interstitial 149 178 iniracrlliitar 143 
178 ISO- lymph see Lymph inatm 
562 sy-noviil 74 tissue 149 total body 
178 

Fluorine in bone 32 In prevention of 
dmial cancx 3 3 

Fills circular of small inicsune 379 
vocal see \ oca I cord 
Fol c acid 159 4% 

r< IlicH Fraafian see Graafian follicles 
hair 447 


Fontancllcs 43 49 

Fowl absorj non of 337-389 calor c 
values of 393 composition of 712 
energy value of 421 712 moleailes of 
333 types of 329-332 
foot ardics of 73 74 
roramen{m3) 58 epiploic (of Minslov*) 
368 of Magcn 11 517 mental 57 of 
Monro {interventricular) 517 618 iiu 
tnent 71 obturator 66 67 optic 53 
vertebral 40 

Foramen magnum 50 61 
Foramen ovale 6 0 
Foramen rotuiidum 53 
Forctfs) centrifugal 27j electrostatic 7 
Forced breathing 307 
Foreskin see I rcj uec 
Fossa 39 articular of temporal lx ne 57 
coromul of humerus 75 cubital 218 
Iliac 67 tnfnspinus 59 olecranon 63 
75 pophical i’.C of skull 59 supra 
spinus 59 

Povtannirals 565 567 570 571 
Ficimartm CCa 
Fniiulum of tongue $42 
Frontal phne 37 
Frontal prominence 48 
Fructose 329 407 403 in nii veubr con 
iracuon 91 

Fruit as intestinal itlmulatu 387 
FSII see Hormones follicitljr 
Fiiknim 141 142 

Funlus ol gall bladder SN of ttomadi 
356 Sa? 
lung] 183 189 

Gage Phincas 501 fn 
Calactv pogue acti >n 538 059 
Galactose 329 407 
Gall bladder 331 374 
CalUtones 370 377 
Calvanometrr 2 f 2j 7 fn 455 436 
Tametes 65^ Ga9 061 C62 
Camma gl biilin 177 
Canpli HI 39 abdominal 526 autonomic. 
r*»0 of eye T? 563 fadal fgvniculale) 
512 513 Passenan 511 lunar 511 of 
pinsympaihctic 52 j of posterior roots 
of spinal nerves 4"f— 1"7 srmil mar 
511 of sympailcik 5*^ iripemmal 511 
Cases trxrl ange of in bodv 29" 293— 
between atmospl ere and U«dy ^ 290 



lao'S of see Laws pama) prKSMres of— 
in arunal and venous blood 290 — m 
aheolar expired and inspired am £93 
299 respiratory 29o respiratory cx 
dianges of 293ff 
Casinc juin. 3o8ff 

Gastric secretion S5S-362 phases of 360 
363 

Gastric ulcer 359 
Casfrtn 363 

Gelatin 7 9 as blood substitute 166 at 
incomplete protan -(16 417 
Genes 419 

Ccnicalia female 643 male 633 
Germ lajcrs 667 669 
Cirm plasm 633 
Gestation see 1 regnancy 
Gianuru demilunes of 343 344 
Ctganiism {panusm) 54) 343 
Cinpsac 340 
Girdle of lower lirab 67 
Ctabclla 43 

Glands apoenne 329 branched rubuhr 
327 328 Dninners 330 Compound 
aheolar 327 3'’8 endocrine (1 ictless) 
see ind(VidiiaI glmidi gasirie 3 9 3*^ 
intestinal 379 580 — sterefion <f 3'<^ 
883 lacrimal 5Cj lymph tee Lymph 
nodes mucous 20 343 pituitary tee 
Hypophysis crrebn racemose 323 sail 
sary 99 34^ 343 sebaceous 417 secrc 
tion of 327 328 vrons 343 sex sec 
Gonads simple aheolar (simple lubu 
lar) 327 of slomach 3a7 sublinpial 
342 submandibular 342 sweat 41“ 
iubiilnalvrolar 328 types and siriiciure 
of 327 3‘’8 urethral Gj4 tee also s/c 
ctfie ntimei 
Clans penis rsS 
Classes see Lens 
Glia tee Neuroglia 
( Ih 111! of wheat 416 417 

n bm ro 

n minibr liift 430 
C lomctulus of V.1 Iney 4Sa 437 439 fllra 
lion by 457 438 
rimils 314 

Cl ifoie 13 329 407 408 absorption of 
381 from amino aads 415 of hlovil 
see niood plncosc convers on to glyco- 
gen 38< 40“ In fluid filfeml by Is f 
ney 453 In muscle and niuscnlar con 
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traction 94 9j reabsorpiion of by 
kidney 438 use of in exercise 319 
Glucose phosphate 91 
Glucosuna 409 
GIuuruc acid 414 
Glutemn 417 

Glvctrol (RlyccTine) 330 411 
Glycine 332 531 fn 414 416 see also 
Olycucoll 
Glycacoll 332 

Clyc gen IS 329 fn 403 409 conversion 
to glucose 409 In fiser 373 m muscle 
91 in muscular contraction 9a in 
muscular exercise 97 
Clycogenesis 409 
Clycogenolysis 409 
Clycosuifa see Glucosuna 
Coiier 546 519 550 exophthalmic 5ol 
552 

Coldbbtt Harry 219 

Golgi apparatus 18 

Conasis 638 6 j[ hypophysis and 653 

Copseflrth 403 

Cent 420 

Craafian follicle 639 640 614 658 and 
gona Introphic hormones GS7 
Granules m ehrotnaiophorex, '39 fn 
gland crlls 328 336 hpochrome of 
seminal vesicles 6 j3 

Craiiulocyics sec Leucocytes polymorpho 
nuefears 

Cray matter of cerebellum 50“ 5l0 of 
extehrum 492 497 of spinal Ct rd 4 j4 
470 4'2 

Cmsstli 2 j amino aads essential for 416 
of bone 3 1 nitrogen balance during 
416 of uterus G-ll 
Guanine 417-420 
Gullet see F-sopliagus 
Turns 310 

Gum atada as blood subsuiute ICS 
Curama 191 
Cynandttimorpb 637 

Hair 447 

Hales Stephen 243 
Haprtns 192 
Ilaptophore group 193 
lUnlip 57 

llarvev William 210 2U 213 255 
liausrra of eolon 382 
llavcruan canal 32 
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HCL Iff Acid, hydrochloric 
Hcadjclie, constipation as cause of, 389 
Hearing 609ff, threshold of, 616 
Heart, 201(1 action of. 235ff. afferent 
nerves of, 2C0 261. apex beat of. 240, 

241. autonomic supply to. 2C0. 529, 
beat of, ongm of 240. 2S3. at birth. 
676. conducting system of. 254-236, con- 
traction of. 235, control of, 260(1. cross 
section of, 203. cycle, see Carduc cyck; 
diastole of, 237. 238. dilation of. 241. 

242, disease of. 241, 242, efferent ncf>es 
of, 260. 261. clceinc current of. 255. 
257 embryonic, 254. 672. C73. failure 
of. sotniting in, 363. fetal, 676 hyper- 
trophy of. 241, 242, impulse of, 256, 
257. minute solume of. 237, murmurs 
of, 242. muscle fibers of. 203 in mus- 
cular exercise. 316. pacemaker of, 235, 
perfusion of, 234, 255, position of. 202. 
pumping action of, 246, reflex control 
of, 263. 264. sounds of. 241— abnormal. 
212 systole of, 237. 238. valvular dis- 
ease of, 242, tvork of. 237 

Heart block, 257 
Heal, ' see Estrus 

Hiat, centers for control of, 404, 403. con- 
duction of, from body, 400 in, convec- 
tion of, 400, 402, distinguished from 
temperature, 392 393 fn effect on 
blood vessels 262, 26-i, evolution of 26, 
latent, of evaporation 401, loss of from 
body 4CG: production of, in body, see 
Nfciabolism, general, radiation of, from 
body 400. 402, unit of, see Calorie 
Heat balance 400 
Heat CTamps 406 
Heat equivaltnis 395 fn 
Heat exhaustion, 403, 406 
licit utoIm:. <05. <06 
Heat value, 393 
Helix, double 420, RNA,419 
HelmUolti. Hermann, 614 
Hematin, 156 
Hemiannpia 572,585 
Hemiplegia 505 

Hemispheres, of cerebellum, 507, of cere- 
brum 496. 497 

Hemoglobin. ISSff. and carbon monoxide 
poisoning 109. 170 310. convtiluems of, 
155 156. importance of, 156 oxygen 
dissoaaiion of, 300 — In fetus 671. oxy- 
gen saturation of, in blood, 300, oxy- 


genated, 155: quantity of. In blood, 
310. 311; reduced, ISS—and cvanoiis, 
310 

Hemolysins 191, 193 
Ikmuphilia, 162. IG3 
Hemorrhage. ICI, 1G31T. aricrial and 
venous oimparcd. 231. 252. cerebral, 
see Cerebral hcmonhagi. due to dc 
fiacncy of Vitamin K. see Vitamin K. 
postpartum, 677 
Hemorrhoids, 382 
Henle’s loop, 437 
Heparan. 162 

flcrmaphrodilism, 636, 637, 665, psciidn , 
637. true, 636 

Hernia, cerebral, 109 fn dcrmiimii. 109 fn 
femoral 225 inguinal. 109 
Hernial sac, 109 
Hcrophilus 228 
Herpes lovter. 168 
Hcxoscs 329. 407, <08 
Hiatus esophageal, 349 
Hiccup. 306 

High aitituile, 293. 297 502 crythrocyles 
at. 159, ICO. spleen and 159, 160 
High threshold subvnncrs 439 
Hilum, of kidney. 433 of lung 281. of 
lymph node, 182; of spleen, 171 
tlinidin, 1C2 

tlisiammc. 2CsS, 363, in anaphvlaxii, 198, 
effect on blood vessels 268 js gastnc 
stimulant, 363. in intestines. 3^6 
Histidine. 3X6. 414 

llolgcr Nielsen method of artiflrial respl 
mion, 308, 309 
Homeostasis. 562 
llomeothennic animals 400 
Hordciii of barley. 416 
Hormones 25. 532fr. of adenohyjHiphysiv 
535, of adrenal cortex. 557, of adrenal 
medulla, 557. see also Adrenaline; 
adrcnocorticotrophlc (ACIH) 536. 537 
— <ffcct on cosmopluls and lymphocytes, 
177, anterior pituitary like (\l'l) 665. 
antidiuretic, 443. 538, in blood. 151, 
carbohydrate, lee Insulin; chromaio- 
plaore expanding (inicrmedrin) 539, 
540 of corpus luteum, see I’rogrsiernnc; 
definition 532. female sex. see Estra 
diol follicular, see Eslrailiol. of gall 
bladder coiitntiion. tee Cliolecvvm 
kinin: gastric, 362. gmiadoiroplnc. 536 
637. growth, 530. fn intestinal wall 371, 
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lactogenic sre Prolactin lutcmiring 
(lutem stimulating) Cj 7 male tex see 
Testosterone otanan 641 612 of pla 
centa C69 670 thjroid 540 thyro 
itophic 530 551 see also specific m nes 
Horned toad 559 
Horsley Sir\»ctor 548 
Hot Rushes 651 
Housemaid s l.nee 77 
Howships lacunae 35 37 
Hue 593 

Humenis SO 60 63 
Hunger cfTca on appetite 361 
Hyaluionidase 6 j 5 
Hydrocephalus 518 
Hydrogel 7 

see Hydrogen sulfide 

Hydrogen 4 oxidation of 26 — m body 


Uons sitdi hypothalamus 49j honnoncs 
of see specif e names and thyroid func 

tion 337 547 
Hypotension 2a0 

Hypothalamus 404 491 403 496 a 1 1 
sleep 49 j 522 
Hypoihcnar eminence 125 
Hypothyroidism 517(1 basal metabolic 
rate in SOS 
Hypotonic soliiiton 10 
Hy|>ox>a see Anoxia 

Ilium 22S 3 8 
llioiibial tract 140 
Ilium 30 66 6" 

Immunity 191 active 193 natural 193 
passive 193 

Impulse cardiac 240 2aS nerve see 
Nerve impulse 


Hydrogen ton concentration 10 11 
Hydrogen sulfide 886 
Hydrolysis 838 415 
Hydrophobia see Rabies 
Hydrosol 7 

Hydroxyl ion concentration 11 
17 Hydroxycorticosierone Sa7 
17 Hydroxy 11 dehydrocotticosterone 5a7 
see also Cortisone 
Hymen 646 
Hyoid bone 57 

Hypcrcholesicrolcmia 206 
Hyperglycemia 409 
llypcnnsulinisra 410 
Hyperopia (hypermeiropia) 592 

Hyperparathyroidism 561 

Hyperplasia 6-14 668 

Hypertension artcnal 249 250 in she 
olicse 415 

IlypcnhyToidisra 551 552 basal meu 

bohe rate in 393 dyspnea in 510 and 
fat storage 391 
Hypertonic sol ition 10 
Hypertrophy of prostate 656 in lelation 
to sex functions 6j6 
Hypoglycemia 409 411 
Hypoparathyroidism 500 561 
Hypophyscctomy 536 effect on sex or 
cans 6o8 effect on uterus 07 
Hypophysis cerehn 492 49a 58« 

and birth mechanism 676 and cat 
hydrate metabolism 411 530 
of 5(0-'' la effect on gonads 6a3 r J 
and fat mctaliohsm 413 fiber «mnec 


Inason see Teeth 
Incompatibility of blood 167 
Incus 604-606 

Indole 386 , • « 

Induced current employed as stimulus 8a 
Iidua fuim 85 80 

Infantile paralysis Antenor pohomye 

miming n®:"” 

Viruses 

Influenza 188 518 
Inguinal canal 108 
Inguinal nngs 103 109 
Inhalation see Inspiration 
IniKulaUon 191 
Inosilol 4‘’0 
Inspiration 278 2t8-290 
Insulin ysa 409 410 
Intcll gcnce 502 

Interbrain ice Dicncephalon 

.„k™i mr-"- «' 5“ 

rhage into 501 50a 
Internal ocnpiial protuberance aO 
Intestinal juice 385 
micii.no i,n.toc uccn.i nnd 5“ 

SSI 589-532— autonomic supply m o-a 
ncn.. of !So pen'ononm 

„t ,m !07 .mall Mf S-7-!’0-o'7 
nomc mpplr of 

387— movcmiiits of 334 3 a 
Ininnsic faaor 158 

InvcTS on of foot 13 Un 

Involuntary nervous svsiem se 
nomic nervous system 
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Iodine deficiency of as cause of goner 
519 550 

Ions 7 S 11 chlorine II hydrogen S 
12 — concentranon of 11 hydroxyl 8 — 
concentration of 11 
lomzacion 7 

Ins 5C3 566 580 581, autonomic supply 
to 521 527 

iron in blood 153 156 m foods 711 
lacW of causing anemia 159 in urine 
411 

IrnlabiLty 16 25 
Isclicmic theory of sleep 522 
Ischium 30 66 67 
Isinglass as blood substttiilc 165 
Islands of Langerhans 369 370 109 
Isoicucinc 39a 
Isometric contraction 90 
Isotonic contraction 90 
Isotonic solution 10 
Isotopes 5 radtoacihc 3 
Isthmus of fauces 310 oropharyngeal 
SIO* of thyroid 516 

JacVsonian epilepsy SOI 
Jaundice 376 377 
Jejunum 223 378 
Jenner Edward 191 fn 
Joints 31 71fT hall and socket 75 cam 
Uginous 75 ginglymus 75 hinge “5 
hip 7a 76 knee 75 76 synonal 75 

Karyokincsis see Mitosis 
Kcionuria 110 
ketosis 110 

kidneys 221 222 331 361 131tf and 
aad base balance ISS 139 amidiurcifc 
principle and 53S 511 capsule of 43a 
disease of 110 formation of unne by, 
131 functions of 133^(0 internal 
struaure of 13a of newborn 677 on 
gin of 667 

kinesthetic sense see Sensation 
Knee cap SO 70 
Krauses membrane 79 
Kymograph 811T 2M 
Kyphosis 16 

Labium majus 115 613 
Labium minus 113 615 
Labor lit 671 6"5 676 
Labynnth of car 365 006 607 617 of 
ethmoid 51 


Lacrimal apparatus 565 
Lacialbiiiniti 117 
Lactase of intestinal juice 333 
Lactation 617 
Laacals 182 379 

Laaose 329 107 103 action of lactase on 
383 in milk. 618 
Lacunae flowships 33 37 
Lamella of bone 32 39 
Lamina of bone 39 
Lamina propna 326 
Langerhans Isbnds of 569 370 109 
Laryngoscope 314 

Larsnx 280 2SI 283 SlSff cartilage of 
312 313 muscles of 315 fn 
Lateral definition 38 
Laughing 306 
Laioisicr Antoine 3 280 
Law(t) all or none 1 j 6 158 la9 Bell 
Magcndie 471 i)f biogenesis (of rccapii 
ulauon) 672 673 Boyles 296 Charles 
296 Daltons of partial pressures 296 
gas 29CiT of Cay Lussac 296 fn 
Henry s of solution of gases 297 
Laxaincs S^O 
Leathin 371 37a 377 412 
Lceuvrenliock Anton la 
Legulumm of peas 116 417 
Lens 575 576 577 achromatic 591 bi 
comet 591 tn capsule 5*9 concave 
591 fn crystalline of eye 3G» 576 578 
579 593 591 — m accommodation 576 
578 5”9 defects of 590-592 refraction 
by 571 575 
Lieukenua 175 
Leuanc 411 

Leucocytes 21 31 ISl 173^ in bone 
marrow 51 functions of 175-177 
lymphocyte 173 171 monocile 173 
171 poly morphonuclcars— basophil ITS 
174— eosinophil 173 174— neutrophil 
ITS 17a 176 
Lcueocytnsis 175 
Levers III 142 
Lcvulose see Fruriose 
Lcydig cells of 651 6*7 
LII see ilormoncs Iiiiemiring 
LirbeikOhn crypts of 579 382 383 
Life microscopic 14 15 ongin of 630 
C3I 

Life expectancy obesity and 413 
Ligaments 39 capsular 75 cruciate of 
knee 76 definliion 39 falciform ST2 



{nfuncIibuIopcNic, 658 65i^ inguinal 
(Pouparts) JOG 224 of Incr 572 of 
nccU 42 47 of o\ary 638 Gt3 spinal 
46 si^iohjonl 53 suspensor) 576 5t9‘ 
uiirosacral 614 of Uterus — anterior 
643 — broad 642 643 — posienor 645— 
round 639 643 of \criebrae 39 
Ligamentum (a) spcaGcalty named Iga 
tnenta {ti>a 42 47 ligamentum nu 
diac 47 ligamentum patellae 70 77 
PO ligamentum tenrs "6 
Light absorption and reflection o! 573 
•>74 refranion of 574 575 wares of 
5~3 574 white splitting of by prism 
596 

Lmd James 4'>3 
Linca alba 106 107 
Linca aspena 70 

Lines inferior nuchal 50 superior nu 
chat 50 white see Linca alba 
Lipase 339 gastric 559 of intestinal 
juice 333 pancreatic rccStcapiin 
Lipids S77fn 412 
Lips 3(0 

Liquor ammi 674 
Liquor folliculi 640 

Liver 333 334 Sj 6 369 371 detoxication 
b) 388 and fat metabolism 412 func 
iKMij of 373 374 gljcogcn of 375 of 
newb >m 677 portal vein of lee Porta 
Aepaticis strucnire of 3/{ nca 
mms in Bi 157 sec obo \ itainins 
Lobes caudate (Spigelian) 372 375 of 
cmlmim 490— fronial 496 498 49!>— 
panetal 496 49S 499 of liypi physis 
ccrcbn 534 53j 536 537 538 of leu 
cocytfs 173 of Incr 372 of lung 281 
of niammary gland 64f ocnpiiaf 4ff 
493 499 olfactory 491 optic 491 
quadrate 372 temporal 461 493 499 
c( Cfijmed SiS 

Lobules of liver 373 of lung 2&> of 
mammary gland 016 
Lockjaw see Tetanus 
LooppfHtnlc 435 437 
Lordosis 46 
Loudness 515 

Low ibreshold substances 439 
lumbar puncture 518 
Lumbosacral trunk 4Sj 4S6 
I ung unit 283 

Lungs, 281 28lff apex of 234 airlutn of 
28a base of 284 clastiaiy of 289 291 
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evaporation of water from (80 401 
402 expansion of at birth 292 
Lutein 611 
Luxation 77 
Lymph 148 

Lymph glands jee Lymph nodes 
Lymph nodes 18‘’fl as filters 184 func 
nons of 181 of root of lung 285 
structure of 1S2 
Lymph vessels see Lymphatics 
Lymphatic nodules of intestines 183 
Lymphatic system 18011 
Lymphatic*. 180-182 of head and neck 
181 of liter 371 -of lower limbs 183 
nghf (ymphactc duct 162 J8S of root 
of lung 28“ structure of 182 thoracic 
duct 182 183 of upper limbs 183 
Lymphocyies 3a in lymph nudes IBI 
and plasma protein 185 production of 
173 174 

Lympliocytosis 174 
Lymphopenia 174 
Lysine 4)4 417 
Lysozyme 544 565 

Maaophages 23 172 575 
Maculi luiea 57 
Magende Frantms 361 fn 474 
\1agnr»um in b)o«M) 151 in bone 32 in 
tonls 71) in urine 411 
UagiTcninn sirlfarc as nffiart/c SS9 
Maize and pellagra 428 protcmiof 417 
Malana 168 
Malarial parasite 189 
Malliolus 71 
Malleus 60I-G06 

Maltose 3“1 « f intestinal juice 583 
Maltose 329 5 IS 347 actiort of maltase 
on 383 

8fammary gland 616 617 
WawftWc zrtT Ik net 
Manganese in diet 422 
Manometer 213 250 251 
Manuhnum 45 
Mane Pierre 511 
Marne David 549 

5fannw red 31 3a 154 157 175 177 
yellow 33 

Bfastication 353 554 
Mastoiditis 51 

Maternal instinct prolactin and 653 
Maxilla zee Ik nes 
Mavow John 280 
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Measles 188 193 
Measures 70I-70a 
Meal 351 

Meatus external auditory COa of nose 
280-282 
Meconium 677 
Median plane defnmon 37 
Mediastinum 287 
Medulla of Vidney -ISa 
Medulla oblongata 260 -i"! 491—193 50a 
506 521 524 
Medullary ra)x 43a 
Meg3car)ootcs 34 35 
Meiosis 661 

Meissners corpuscles 626 
Mclanophorcs 539 
^frmbrana granulosa &10 
Membranes 9 18 basement 19 326 
basilar 606 609 615 of brain see Arach 
noid mater Dura maicr Pia mater 
definition 39 glomerular 436 inieros* 
seoiu-^£ forearm 63 — of leg 71 

krauscs 79 mucous 20 3'*6 — func 
lions of 448 — of gall bladder 374 — of 
large intestine 3«2— tf small intesunc 
378— of stomach 3a7 — of uterus see 
Endometrium placental CJj pleural 
20 286 287 propria 326 Rcissners 
607 60S roof £08 scmipermeable 9 
10 serous S'*? see also Pleura Pen 
cardium Peritoneum of spinal eunl 
471 s)-novial 74 tccional 60S lyxn 
panic 51 604 vestibular 607 G03 
Meninges see Vrachnoid mater Dura 
mater Pu mater 
Menopause Cal 
Menstrual cycle 649 6o0 6a7 
Menstniauon 649 OaO 
Meroenne gland 3*^ 

Mesencephalon 491-493 524 
Mesenchyme 34 
Mesentery 367 368 
Mesoappendix 380 
Mesocolon pelvic 367 381 
Mesoderm 667 660 
Mesosalpinx 642 
Mesoihel urn 327 
\rc50\anuin 638 643 
Metabolism 23 26 30214 basal see Basal 
metabolism of carbohy Irate 40"-4ll 
of fat 411-413 fofxl and 30} 39 j gen 
cral 3926 of protein 413—117 of pur 
ine 417 416 temperature and 394 


tinder various conditions SDo water of 
179 

Metacarpus 50 54 63 
Mciaphase see Mitosis (Pig 4917) 
Metatarsus 30 72-74 
MeichniLolT Eli 176 
Metbumine 586 414 
Mctnc system 701-70a 
Micella 80 

Microorganisms pathogenic 188 189 
Microscope early 13 
Microsomes 4IS 
MiCfuntion 444 443 
Midbtam see 5fcscncephaIoR 
Midget 543 

Milk clotting of 160 composition of 617 
648 effect on intestinal movements 
388 flow of and prolactin CsS 639 
proteins of 417 secretion of 617— ac 
lion of galactogue prinapic on 533— 
hormonal and nervous mechan sms of 
639 — in puerpenum 6 j 9 vitamins of 
429 430 
Milk teeth Sal 

Minerals in diet 4’’! 422 m unne 441 
Minot Ccorgc 153 

Mitosis CGO-W m uterine muscle 644 
643 

Modiolus 606 
'lolars see Teeth 
Molls 188 169 

Molecules 5 6 of coal tat dye 14 15 
diffusion of 8 dissociation of 7 ioniu 
Uon of 7 of proicin 13 414 of sodium 
chloride 5 of v aier 5 
Monestrous 649 
Monocytes Sv 173 174 
Mononucleosis 174 
Monosaccharides 329 407 
Mons pubis 643 
>foon face 557 
Morula 666 
Motion sickness 364 

Motor area of cerebral cortex 469 499 
500 501 

Motor neurons upper and lower 503 
Motor unit 467 fn 
Mout tain sickness 302 
Mmith anatomy t f 340ff 
Movements of colon 5'’> of intestines 
38f-38f pend liar 3S3 perfstaliiC 583 
seginentinp S83 

Muon 313 359 in bile 375 in saliva 317 



^furinogcf1 328 
Mucouj, 343 

Mucous membrane ste Membrant. 

Mumps 188 348 
Murph) Vf P 158 
Murray George 550 
Muscarine 261 
Muscle cardiac 78 204 238 
Muscle uliar) ?80 
Muscle hemoglobin 04 
Muscle papillary ofheart 236 
Muscle smooth (nonstnated] of aricrit-s 
ami arlenoles 2(X> 20" auion mir sup 
ply to 5"^ of intestines 3"9 3t«) of 
ins 580 581 of stomach 3 j 7 structure 
ami physiology of 78 79 3''4 of uterus 
613 

4fuscle sphincter see Sphincter 
Musclrs stnaied (skeletal) abdominal 
106-109 abrluctor 82 antastnuis 8” 
of arm 81 117 ilB of back lOtff 
themistry of 94 of dcglutination 3^1 
of car COj 606 circiency of 92 93 
electrical changes in 9) 9^ of eytloll 
(ocular) 144 587 589 of eycluls 99 
fasciculi of 79 ftxanm 82 lleiur 8’ 
of foot 138 139 of firearm 11811 of 
gluicat region 132 133 ghcogcn of 
94 of hand 124-127 of head n».J0l 
irritability of 9a fn insertions of 81 
of larynx 315 fn lateral tcriebral 101 
of leg ISSff of lo» cr limb I2sfl . t 
mastication fOO 101 of mouth 99 100 
341 342 mo»cmenls of 82 83 «l 
neck lOlff of nose Og origins of 81 
of perineum 110 111 of pharynx 348 
349 physiology of 7Sft prime mo\cr 
81 82 recipnical action of 46" -iC'i of 
respiration 287 288 of scalp 98 90 
shapes of 81 82 structural pliysiologv 
of 78ft synergists 82 Icmloni of 81 
of thigh I2Sfr of loligilc 144 512 of 
trunk lOlff types of 78 of upper I mb 
115-117 work of 92 93 see also fot 
foiling eniry 

Muscles striated (skeletal) specifically 
named abiluaor digiti minimt 125 
I2G 139 abilucfor halloas 138 abduc 
I >r longiis 118 122 121 12 j aNh cior 
pollicis brcMS 65 124 I2i ad liielor 
brcMS 66 12‘i 130 131 a Ihictor hal 
bins 13'' 139 adductor Inugits, 60 

l-S 131 adduaor magnus 06 69 128 
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129 1S2 anal sphincters external and 
tatemal 111 ar>o rieus 63 118 122 
123 anterior fnn »rj! 129 anterior 
scrtcliral 101 anut tliiiral abdominal 
lOS articulans gmu C9 130 aryepig 
I Uic 144 arylcn ids 315 In bictpi 
bnidiii 62-64 116 117 467 biccj s 
femom 60 129 131 132 136 brachi 
alls 63 117 118 biadiioradialis fS 
118 120 121 122 bucanaior lOO 

biiibospongiosus 11 I4 d 6jj cocogius 
6l5 109 1 10 compressor nans 56 99 
conaibract latis 116 117 rornigator 
J9 cricoartenoids 315 fn deltoid f2 
03 112 115 depn’ssor angult ons 100 
depnssur iabii infcnuns 100 detrusor 
(fblalder 443 444 443 digastnc 57 
lO’ 103 144 ililatof nans 56 99 cpt 
cranial ajwmtirisis. 98 extensor carpi 
ra balls hmis IIS 121 122 extensor 
carpi ndials 1 igis f3 118 
extensor carpi tilnans 122 123 extensor 
slig tc minimi 118 122 I'^y extensor 
iligiitnim JIB J22 rxicnsor dtptunim 
bnsis 137 138 extensor digitortiiii 
I ngus 71 153 131 extensor hallucis 
I ngus 71 133 131 extensor indius 
118 122 124 extensor pollidi brests 
118 122 124 extrnsir pi Ibcis longiis 
118 122 121 external intttcmtal 287 
external oblique tf aUlomen (i bhquus 
ixiemus aM minis) 06 10<» 107 112 
115 external reCTiis of c'c WJ flexor 
carpi radialis C> JI8 120 J2a Ucxir 
carpi ulnans 6 118-120 125 flexor 

digiii minimi Ca 12 > 126 flexor thgiti 
mimmi bresis 133 139 flixor digi 
toTum acetssonoui 139 flexor digi 
Inriim brevis Isa flexor dtp ion m 
Imiguv 71 133 150 13" flexcr dip 
lorum pri fundus 63 llS 120 121 
flexor digitonim subl mis 63 I18-I'*0 
1*^ flexor halluns hresis 139 flexor 
balluas longws. 71 133 136 137 flesi r 
poll CH brevis. 124-126 flexor pollicit 
hngus 63 118 120 121 gistrocnemi is 
do ««» 133 ISr gemellus infm r an 1 
sojKitor 66 131 133 gntlogl «sus 57 
111 5I‘ Beniohjold 57 103 141 glu 
lews maximiis 6r fO 131 152 gluieus 
melius Cii r9 131 132 gliiirtiv mliti 
mus tr 152 graefUs. Gu 128 129 |S2 
136 hytx^Iosfus 342 ibami 69 109 
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I2S 129 iliocostahs tOj iliocostocrrvi 
calls IOj infenor constrictor of phar 
jTix 103 319 mfenor oblique of e>e 
N4 o89 infenor rectus of c)e 144 587 
"iSO infrahyoid 103 101 infraspinatus 

62 63 112 113 116 intercostal 143 
internal intercostal 287 2S3 internal 
oblique of abdomen (obhqutu intcmui 
aMorainis) 66 lOG 107 112 internal 
rectus of e)e 587 inierosscus dorsal 
and palmar — of foot 139 — of hand 6 j 
12o 126 ischiocascmosus 66 111 C-iC 
lateral rectus of e>e 144 lateral \cric 
hral I0> Ijiissitnus doni 63 111 113 

143 kiatur anguli oris 56 100 lesaior 

'tin 66 IQO 111 levator labii aupenoris 
56 100 levator palati 341 levator 

scapulae O'* 103 l(b 112 113 levaiores 
costanis lOj longissimus cervins lOa 
longiss nuis tiorsi IOj 106 longus 
capitu 50 ICli longus cervios 104 

1 imbnulcs— of foot 139--of hand 12a 
127 masscier 100 medial tccius of eye 

144 middle constrictor of phatynx 103 

340 multifidus IOj tnylohKii 58 102 

103 obliquus capitis inferior IOj ob- 
liquiis capitis supennr SO IOj obiura 
lor Gxtemus 66 69 133 obturator 
iniemus 309 110 131 133 occipiio 
frontalis SO 9S 00 ntnohyoid 58 103 

104 141 opponens d giii mmicni 12a 
opponens pollicis 6j 121 12a orbi 
c ilans oculi 56 99 orb culans ons 99 
palatoglossus 341 prlaiophiryngeus 

341 349 palmaris brevis 12a pal 
mans longus IIS 120 pcctoralis major 

63 113-115 pectoral s minor O" 113- 
11a pcroncus brens 71 133 135 136 
peroneus longus 71 133 136 peroneus 
lertius 71 134 13a planians 133 136 
137 platysma 101 115 popliteus 131 
133 136 137 posterior abdominal 108 
pronator quadratus 63 118 1‘’0 121 
pronator teres 63 64 116 IIS-120 
psoas major 69 109 l‘’S 129 143 psoas 
minor 109 1'’8 ptcrygoideus lateralis 
too lOI pierygoideus medial s 100 
101 pyriformis 66 69 109 quadraCus 
lemons 69 131 133 quadratiis lum 
bnrum 66 105 IIO M3 qindriceps 
femons 70 128 129 rectus abdominis 
107 lO'i rcctiis capitis anicnor IW 
rectus capitis lateralis 104 rectus 


femons 66 128 129 rhomboideus 
major and minor 62 J12 nsonus 99 
sacrospinahs 66 lOa salpingopharyn 
gcus 349 sartorius 66 1"8 129 seal 
tnus — anterior 101 — medius 104 — pos 
tenor 101 semimembranosus 66 129 
131 132 136 scmispinalis 43 — capiiis 
43 112— dorsi IOj seniitendinosus 66 
129 131 132 136 serratus anterior 
112 II4 115 serratus poscenor inferior 
112 solcus 71, 133-136 sphincter 82 
sphincter am extemus and intemus 
110 see also Sphincter spiiuUs lOa 
106 splenius capitis 50 101 IOj 112 
spicnius ceivicis 104 JOj stapedius 
OOf sternohyoid 58 103 104 stemo 
mastoid 50 61 102 112 115 144 
sternothyroid 103 104 144 styloglossus 
144 342 stylohyoid 58 102 103 144 
stylopharyngeus 549 subclavius 62 
114 115 subscapulans ^ 63 115 116 
supenor constnetor of pharynx 349 
superior oblique of eye 144 589 supc 
nor rectus of eye 144 587 589 supina 
lor 63 118 122 124 suprahyoid 102 
103 supraspinatus 62 68 112 113 116 
temporal 57 99 temporalis 67 100 
101 Icndo calcaneus 84 135 136 ten 
sor fasciae latae 66 128 129 tensor 
palaii 341 tensor tympani 605 teres 
major 6^ 63 112 113 llO teres minor 
62 65 112 113 IIG thyrohyoid 58 
103 144 tibialis antenor 71 133 134 
tibialis posterior 71 133 136 137 

transversus abdominis 107 103 143 
Iransversus pennei profundus and 
siiperfiaalis III trapezius 02 102 111 
112 triceps 62-61 IIS 114 116 118 
467 uvulae 341 vastus— mteimedius 
lateralis and medius 69 130 131 

Muscle voluntary see Muscle striated 

Muscle twitch 86 

Muscular contraction 8311 aerobic (oxlda 
live) phase of 9 j anaerobic (nonoxida 
live) phase of 9 j chemistry of 91ff 
contraction phase of 87 clTciency of 
92 93 electrical changes dunng 91 
energy of 93 97 energy expendiiiire 
in 92 fatigue of 90 heat production 
in 96 isometric 90 isotonic 90 lactic 
and maximum and 9 j fn latent period 
of 87 83 loading and 90 oxvgen con 
sumption in 91 96 phases of 87 9 j 



Tfconlingn! rccoiery pha<{* of 95 
relaxation phase of 87 stimuli of 87 
summation of 88 80 tetanus of BS 80 
tone of 93 TrCppe phenomenon of 
8S 89 

Muscular exercise 96 97 518 519 adirn* 
aline liberation in 318 blood pressure 
in 249 blood sugar in 9“ carboby 
drates in 97 cardiac output in 257 
effect on body 319 321 effect on heart 
320 effect on Jungs 320 cncig) source 
for 97 metabolism m 394 oxygen debt 
in 96 97 recovery after 319 and red 
cells 320 respiratory quotient m 97 
Muscular relaxation 83ff conducive to 
sleep 521 

Muscular training 318 319 
Muscular work 92 93 
Musculans mucosae 326 
Afusculus usulae 340 
Myelin 47C 
M>clm sheath 455 
Myocardium see Muscle cardiac 
Myoribrlls 79 
Myoglobin 79 94 
Myoneural junction 91 
Myopia 593 
Myosin 94 4U 
5fyxedemia 547 351 

NaCI 5 8 
Nails 448 
NaOH 7 
\ares 281 

Nasal bones see iJones 
Nasal concha 5t 55 281 282 
Nasopharynx 280 318 
Vausca 361 
Mate! see Umbilicus 
Niarsightedness 593 
Nock of tooth 350 
Nephritis 440 

Nerve cell 18 452«4'5 462 motor 503 

501 processes of 452 4a3 receptors of 
407 

Nerve fillers 455-4a5 462 afferent and 
efferent 474 475 association of 49? 
499 carbon ijioxidc prrxluced bv 457 
cochlear 515 commissural 498 499 
conduction in 456 457 corticospinal 

502 503 electrical changes in 455-4S7 
motor 473 oxygen «>nsiimptJon by 
457, parasympathetic summary of »e 
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troni of 529 preganglionic, 521 pint 
ganglionic 52} projection of 49} 4'1'» 
rami cointnumcantes gray and Nhitt 
525 526 of retina 563 569 secretory — 
in faaal nerve 5]2 513— in glossopliar 
yngial nerve 513 sensory, 473 sympa 
theiic summary of actions of 529 vaso 
dilator — in facial ncnc 512 513— m 
glossopliaryngea) nerve 513 — in pelvic 
nerve 525 see also Nerves 

Nerve impube 455-459 frequency of 456 
wloaty of 456 to voluntary miiscli-s 
4"2 

Nerves adrenergic 5S0 afferent 260 45! 
cardiac 260 261 262 261 cholinergic 
530 cranial 474 510ff cell of see 
Nerve cell degeneration and regencra 
lion of 475 476 of ear 609 609 ef 
fetent 260 454 of hand 483 484 of 
head and neck 478-480 of llier 371 
of lower limb 485-487 mixed 473 
mwlcntor 263 motor 450 pathways 
of 321 refractory periods of 450 457 
at root of lunp 28a to svtivary glsnds 
343 sensory 451 of smell 459 510-512 
of sole 483 489 spinal 47t 477 478— 
anienoT and postenor primary raini of 

477 4*8 — anterior and podenor nxits 
of 172 473 4 74 4 76 of lute 621 
ihomlf 484 — anterior primary rami of 
484 tyi>es and general descripllnn of 
473ff of upper litnb 480-484 vavo 
constrictor 265 528 vawKhfator 263 
528 see also following en/r> «»rf Nerve 
fibers 

Nerves specifically named alxlucent (\ I) 
491 510-512 accelerator (augmentor) 
SCO 261 accessory (Xf) 478 491 510- 
512 514 anterior cutaneous of nick 

478 anterior cutaneous of thorax 431 
ametfor and posterior iibial 4S7-489 
aoitfc 26} auditory facoiiiiic) fVffl} 
491 510-513 603 cochlear WW facial 
(\H) 430 491 510 511, 513 femoral 
no 435 137 genitofemoral 494 4R5 
glossopharvngeal (IN) 26} 491 510-513 
great auricular 479 greater occipital 
430 hypogastric 413 hypoglossal (Ntl) 
478 49| 510-512 514 Itiohypogavtrie 
484 435 ilui inguinal 434 485 inferior 
ghiteal 486 Inteicostal 4Sf lateral 
culaneous— of calf 489 — of forearm 
43(, 482 — of thigh 483 lateral popli 
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leal -ISa lingual 62. m«J al poptiica) 
^8" -ISS median 218 -1^0-183 musai 
locutaneouj — tf ann 4'!(M82 — of leg 
•ISS m}cnccric of intestine 380 obtuia 
lor 110 48 j oculomotor (HI) 493 510- 
512 olfaaory (1) 459 510-512 optic 
(11) 4a9 510-512 564-567 571 572 
pectoral 480 peluc 33" 445 523 per 
forailng cutaneous of gluteal region 

486 phrenic 28" plantar 488 pos 
tenor femoral cutaneous 486 437 pot 
lerior interosseous 481 pudendal 405 

487 radial (musculosplral) 480 482 
433 saphenous 486 toatic 13? 263 
486 48" sinus 264 SIS splanchnic — 
greater least and lesser 526 subcostal 
484 supenor gluteal 486 487 supra 
clavicular 478 aural 487 483 irigem 
inal (V) 494 510-512 trochlear (I\-) 
510 511 ulnar 4*0-483 \-agus (\) 260 
261 337 4 8 491 510-514 vasomotor 
2Cb 

Nervous system 432(T origin of from 
ectoderm 667 
Seunlcmraa 4 j 5 
Neuroglia 4a'’ 

Neuron see Nerve cell 
Neutrons 3-5 

Neutrophil 33 173 175 r6 
Newborn jaundice of C“ physiology of 
6 6 C““ rcflcKcsof 6"7 
Niaan (nicoiin c aci 1) 4i>-42a 
Night blindness 569 in vitamin A defi 
cicncy 4‘’G 

N pple of mammary gland 646 647 
NissI bodies 4^4 4 j 3 
Nitrogen in air 2"8 2'’3 296 in Caisvm 
disease 302 rvrrciion of 415 patiiat 
pressure of 296 297— In air 296 297 — 
in bl xxl 299 in unne 441 
Nitrogen balance 416 
Nitrogen erjuilihniim 416 
N icturnal enures s 445 
Nodes airioveniriailar (aunculoventnc 
ular) Z 6 257 lymph tee Lymph 
nodes* of Ranvier 4')! sinuatrial {sino 
auricular) 2u4-'’j6 

Nod lies lymphatic of Intestine IM 3 9 

Noradrcnal ne (norcpincphnnc) 557 

Norma basal s 59 

Ni nna frontal s 59 60 

Norma lateralis 59 

Normoblast 5 j 


Nose 2*0-28'> meatuses of 54 2*0 281 
N tslnls ire %area 

Notcli ethmoid 54 intern n lylar /O* 
radu! 62 64 suprasternal 45 46 
trochlear 64 

Nucleic and 417-420 excreiion of 420; 

molecule of 419 420 
Sucteoprofeln IS 417 
Nucleotides 417-420 
Nucleus 18 19 24 of atom 3 caudate 
502 503 of cell 17-19 cerebellar 503 
definition 454 dentate 507 donal of 
vagus nerve 514 glossopharyngeal 524 
hypoglossal 514 hypothalamic; 49a 
lenticular (lentifoim) 502 503 motor 
of tngemina! nerve 511 of nerve cell 
454 455 of neurilemma 455 para 
veninoilar 49j pontine 50S spinal of 
trigeminal nerve 511 of striated mus 
<le 80 superior salivary 512 511 stipe 
nor sensory of trigeminal nerve 511 
supraoptic 49 tiibcral 493 vagus 5" 4 
Nucleus specireally named nucleus am 
bgiius 4D3 513 nucleus cuncaius 50 
nucleus graalis 50a tractus sol tan is 
513 

Nutrition 4210 as fiinct on of blood 150 
Nyculopia ice N ght hi ndneu 

Obcviiy 4)3 due to ciuonler of pituitary 
543 

Olors tr*! 622 
Olecranon 6| 

Olfaci ry lolie 216 
Ome ilnm STy 363 
O >cvies see Ovum 
O wperm see 7ygt te 
Ophthalmoscope 215 571 
0|iIcc!iaima 216 572 
Optic nrUTitls 5"1 
Opt ra1 illusions 587 533 
Oj ncal principles, 573lf 
Oj e igram 5"0 

Orifee anal 3*1 cardiac 3.^0 357 py 
I TIC 363 of vagina 645 
Os «f CCTVIS 613 

Os cnxar fos Innominatum) 66 67 

Osmometer 9 

OsmoivceptOTs 442 

Osmosis 9 in vital processes 10 

Osm Mic pressure 9 10 

Osaf cation 51 5j centenof 34 35 

Osteoblasts S3 



Oucoctuis 33 

Osicocytcs 33 center of 33 34 
Otoliths C19 620 

OutHow cranial 524 sacral 524 5._> 
Clioradcolumbar 52a 
Uialbumm 417 
Otancctomy 041 642 
Oianes 63&-640 642 honnonrs of 611 
642 

OsiUucts see Fallopian tubes 
Oiotestcs 636 
Ovovjlclhn 417 
Ovulation 641 619 6a0 
Ovum CS> 636 63S 639 fcrttluati >n of 
63G 612 Ga4 human fcntlim) 666 
667 implantation of 6 j0 668 impreg 
nation of hy spenaatoeoon 65} life of 
655 

Oxalate as an anucoagulant 162 
Oxulasc 539 

Oxidation 26 of carbon 26 of fat 26 
of hydrogen 26 392 of protem 26 of 
sugar 4ia 

Oxygen administration of 302 311 in 
air 278 293 296 carnage of in btoixl 
290-301 consumption of— by nerve 4 j 0 
4o7 — in muscular contnciim 9* de 
finency of see 3noxu dissociation 
eurte of SOO 672 in fetal blood 671 
partial pressure of 29C 207 percentage 
of at high altitudes 302 
Oxvgcn eapaaiy Is? fn 160 
Oxygen debt 96 97 319 
Oxygen therapy see Oxygen aiiminisira 
lion of 

Oxytciracychne see Tcrramycin 
Oxyloac action 538 and the unset of 
labor 676 

Pacini s corpuscles 626 
lam value of I9j 

1 alatc liony 56 dell 57 hard 310 341 
soft 341 — during swallowing 3a4 355 — 
paralysis of SaS fn 
Palatine aponeurosis 540 
lancreas, 222 334 3r9-371 aunmwiijc 
supply to 5”9 origin of from «ti»- 
ilcrm C67> removal of 409 secrciions 
of 371 

1 ancreaiectomy causing diabetes 409 
1 ancreafic juior 369-371, secretion of 371 
PancTeoiymin 371 
I antothenic aud 426 
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Papillae of kidney 433 of skin 416 417 
of tongue 624 
Para aminobetiiuic aad 426 
faralTnoit in constipatiun 3S9 
I arallax 5S6 

1 aralyus, cause of 505 llacad 5Cb 
spastic SOj 
I aramecia 633 
I arauasa} sinuses 5S 281-2S3 
f arasympathctic see Autonomic nervous 
system 

Paraihormonc 561 
I araihyroid gland 534 560 sri 
larotul gland 99 342 313 l2> 

1 arihcn igcncsis 663 
Panicles alpha 3 coll td b 
Partwmion see Labor 
Pasteur Louis, 33 / 631 
latella 30 70 

Pavlov Ivan 343 360 SCI 5IS-j20 

theory ol steep 
Pidicivs of vent brae 40 4'’ 

Pcdancles ccrclx’IIar W 509 cerebral 
492 493 503— cnira of 192 
Pellagra 427 42S 

Pelvis 06-6^ cimtrsctrd 70 dtfirmuies 
of C9 diameten of 70 female » rgans 
of 639 inlet an 1 outlet of 68 male 
and female compared 68 ("9 ol ureter 
433 

Pendular movements of small iinesilne 
383 

Penicdlm 197 

Penis 145 643 f52 633 6 6 crccti n of 
C36 lestostcrone and 6/7 vasrxhljitry 
fiben to 52 » r 6 
Untwe 417 4Ig 420 
Pepsin 339 
f ept d linkage 4IS 
Peplttls 3"0 
feptone 536 
I cncarditis 204 
Pencardium 201 
Icniymph 617 
fenmysium 80 
Penneum 110 HI 

lenod puerperal 677 refractorv of 
nerve fibers 436 43? reproductive of 
wuinert 051 
PcTiMteum 33-35 37 
i cnpheral resistance as (actor In main 
laming blood pressure 216 247 
Pcrfsialus 833 363 SSj 
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Peristaltic moventent o{ ttnall tntwttne, 
383 

Ptntoncum 21. 107, 100 36C-369 

I’cntofiUis, 300 

Pernicious aiiimia. 138 159 

Perspiration. ^0I.■102, 447; Insensible. 401 

Pcs planus see Fiat foot 

Pc)cr’j patches, 183. 379 

Phagocytosis. 175 

pH, 1 J, of blood, 12. of urine. 12 

pH scale 12 

Phagocyte* 175. :n lymph nodes 184 
Phalanges 30. 65 60, 72, 73 
Pharynx, 280 231. 348, 319 during <le> 
ghiiination, 335 
Phenylalanine, 414 
Phipps James 191 In 
Phonaiion 314. 315 
Phosphatase 34 

Phosphatides see Phospholipids 
PhosphocTcatine. in muscle 94,93 
Phospholipids 377 fn, 412 
Phosphonis, o( bone, 32. In foods. 711: in 
iinnc 411 

Phosphorus pentose chain, 420 
Photophobia, In nboflavm defiaency. 427 
Pia maier, 492, 515. 516. of ipmal cord. 
471 

Pigmenis pituitnn and. 530, 510. of 
retina. 569, 570, of skin, 416 
Piles, see llemonhoids 
Pineal body, 491 
Pinna 001 CIO 

Pitch of sound 613-615, of voice, 315 
Pituitary gland, see Hypophysis cerebri 
Pmiitno 267. 53R 539 
Place theory 014 615 
Placenta. 668. 669. 675. hormones of 069, 
670; an<l Rh faemr, 169 
Planes, of body. 37, 38, of ptM* 68 
Plantar, dermilion. 38 
Plasm, body. 033. germ. 635 
Plasma see Rlood plasma 
Plasma globulin. 151, 152. and aniiboilies. 

185. 191. production of 185 
Plate, cribriform. 54. 60" horironial, of 
palatine bone, 55, lateral pimgotd 53. 
mnhal pterygoid. 53. perpendicular— of 
ethmoid, 54— ol palaiine bone, 55 
Platclrls. see Thromhocyies 
Pleura 20 2«6 2S7 
Pleurisy fplcuntis), 2S7 
Plexus, of Auerbadi (myenteric), 380 525. 


brachial. 479 480 cefslcal. 478. 470 
cliorcmi, 517, dorsal venous, of hand 
230 lumhar. HO, 481-<8n of Memii. t 
378. sacral. 480 487. wbpapillary vt 
nous 400 
Pneuma, 278 
Pnetimonia. 188, 190 
Pneumothorax. 237, 289 
roiiiloihcrnnc animals. 400 
Polycythemia, 159 fn 
Polycstrous 619 

Polymorplionuclears, see I,eucoc)irs 
Polyncuntis caused by thiamine deft 
cienq, 427 

Potysacchaniles 329. 408. digestion of. by 
saliva 316 

Pons. 471. 491-491. 506, 511. 524 

Popliteal space, 226 

Pores 447 

Porphynn. 156 

Porta hepatitis 307,371,372 

Position, anatomical. 37. prone, 38. 

supine. 33 
Posiestrus, CIS. 619 

Potassium, m blood. 151. In funds, 711; In 
unne. 441 
Pott. Peravat 72 fn 
Polls fracture, 72 
Pouches pharyngeal, 672. 673 
Precipiiins. 192 

Pregnsney, 619. 674. duration of. 674. 
factors determining tirmlnation of. 671- 
676 progcsieronc and. 612. lest for. 
669,670. vomiting dunng 365 
Premolacs, tee Tcelh 
Prepuce. 655 
Presbyopia. 592 

Pressure, atmospheric, 293 291.296 297— 
high, and Caisson iidiiiess 302 503 — 
low, 297. baromeiilc, 293. 291. of bhKNi. 
see Blood pressure; wmotic, 9. 10— of 
blood. In hemorrhage, 163 — of plasma 
151. subalmosphenc. In pleural cavity, 
292 

Priestly. Joseph, 2^0 
Pnsm, 596, refraction by, 574, 575 
Processes, alveolar, 56. articular, 40 axis 
cyliruler. see Axon, condyloid. 57, cora 
cmd. 59, coronoid, 03 dcndnilc, see 
Dendron. frontal, 56. mastoid. 51. 52. 
of nerve ceils 452. 453, odontoid 41; 
palaltne, 50 pirrygoid, 52, pyramidal 
43, sphenoidal. 43. ipitious 40; styloid. 
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55 57 irans\ersc 40 41 45 xiphoid 
45 46 2)goTnatic 51 50 
Procniyracs 328 
I roesirus 648 619 

I’rogesicronc (progcsun) OH 64J 645 
650 6 j 7 in placenta &>0 
Prolactin 536 658 659 
Pronfosil 196 

Prophajc Mitosis (I ig 491") 
Piopiioccptors, 4G0 
Propyl alcohol 022 
Prostate, 652 053 656 
Protamine 410 

Proteases gastric (pepsin) 359 intestinal 
(crcpsln) 583 pancreatic see Trypsin 
Protective mechanisms 191 19G 
Proteins 331 332 of blood plasma 151 
152 caloric value of 393 classtfication 
of 708-709 digestion of SS6 end prod 
ucls of 150 elements of 413 heat pro 
duced by oxidation of 393 391 of 
neat 417 metabolism of 4)3-417 oxl 
dation of 26 3D3 partial combustion 
of 26 393 percent of in daily diet 
424 richest sources of 413 m various 
foods 417 711 of vegetables 417 712 
oftvheae 417 
Proteose 336 
Prothrombin 161 
Protons 3 4 

Protoplasm ISfT composition of 13 
Protoroa parasitic 169 
Proiitamin 4 426 
Proximal denniiion 38 
Pseudohermaphroditism 637 
Pscudopodium 17, 176 
pscudoprcgnancy 642 048 
Psittacosis 188 
Pteroylgluiamic acid 169 
Ptyalin 339 343 346 

Puberty 6f8 hypophysis and CS and 
uterus 644 
Pubis 30 66 67 
Puilemium see \ ulva 
Puerperiura 677 

Pulp of spleen 171 of tooth 5j0 
Pulse in arteries 239 gnpluc lecmd of 
239 \vavc5 239 
Pupil of eye 566 580 581 
Purgatives 189 

Purines 417—126 metabolism of 417 418 
Piirlmle system 257 
Pus. 177 


Pylorus 357 
Pyogenic 191 

Pyramids 493 503 decussation of 503 of 
kidney 43 1 
Pyrexu see fever 
Pyridoxin 42G 431 
Pyrimidines 417-420 

Q discs of muscle fiber 80 
Quadrigeminal body 492 493 
Quickening 674 

Rabies 188 190 191 348 
Racemose gland 828 
Rachitis see Rickets 
Radiation 400-102 
Radioactivity 5 
Radium 5 

Radius SO 63-64 see also lUmes 
Ramus of ischtum 67 of mandible S7 
of pobii 67 03 

Ramus commimicans gray and nhiic 536 
Raphe 99 

Rays light 575 576 5"9— lengths ol 673 
medullary see Medullary rays ultra 
Violet andNiiamiiiD 429 482 
Reaction acid and alkaline 11 12 — in 
blood 186 187 
Receptive relaxation 823 
Receptors 4j9 ICO auditory 4a9 cuiane 
ous 625 626 of graiity 019 tlfactorv 
459 633 624 optic 459 rotary 019 m 
lasir 024 C35 visual see Rod and 
cones 

Reaptocal inhibition 467-109 
Reciprocal innervation 407-469 
Rectum 221 831 
Reduction dmvion C6l 
Reflex 40 >-107 Baliinski 077 mrdlac. 
263 aJ5 conduit ned (jcniimxl) 515 
3(6 5fff-52f— reinfoiccmont of 519 

523 defecation 3^6 ejaculation f5l 
gasmicolic SS5 myoratic 93 rrspira 
toty 305 80fi ngliung 619 iincnndi 
tionnl (inborn) 314 813 518 519— ai 
birth 677 vascular 265 2C'» \< mtting 
V>1 

Reflex arc 406 407 
Refraction 571 errors of *>00 
Rriative iuiinihtv 401 
Kefatlve refractory pen *<1 4^6 fn 457 
Rrlaxin 615 in placenta fJV) 

Rena! sinus. 435 
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Rennm (rennet) 359 SC9 371 in btooil 
250 

Reproduction 23 CSOff asexual 63-< fe 
male organs of 63811 fundamental 
pnncipics of 630 male organs of 65111 
m mammals 63811 of primitite organ 
isms 632-03j processes of 6j91I sexual 
631 63811 

Resonance theory 6N 
Respiration 2/8(1 acid and 307 aril 
ficial 307 309 at birth 671 677 car 
bon dioxide and 307 control of 301 — 
chemical 306 307— nervous 301 30 j 
diOicult ite Dyspnea in exercise 3IS 
external and internal 279 280 298 299 
fetal 671 forced 307 as function of 
blood ISO gas exchanges in 297 move 
ments of 290 291 muscles of 287 288 
phases of 288 tissue 279 
Respiratory center 304-306 carbon diox 
idc and 307 

Respiratory quotient 393 fn 
Rest \aluc of 19,> 

ReCe testis Ga2 
Ret culocytes 35 154 165 
Ret na 564 563 areas sensitive to color 
568 569 597 598 layers of 567 568 
mechanical stimulation of 571 rcccp 
tion of impulses from brain 58311 
Retinaculum of ankle 134 HO extensor 
of wrist 127 flexor of wrist 127 220 
Rctinenc 569 fn 
Rh ant gen see Rh factor 
Rh factor If8 169 
RheoscopiC preparation 92 
Rhodopsm 4'’6 569 5“0 
Ribs 30 43 structure of 44 45 
Riboflavin 423 4‘>7 428 
Ribonucleic acid 418 419 
Ribose 418 
Ribosomes 418 
Rickets 4'’9 432 648 
Rima glotl dis 314 315 
Rings fern* ral 225 inguinal 108 
Ringers sol iti n 152 254 
Ringworm 188 
RN-\ see Ribonucleic acid 
Rods and cones 567 SfS 
Root of hair 44“ of lung 284 of nail 
418 of spinal nerves 471 of teeth 
350 

Rotation elTcct on semicircular canals 
618 


Roughage 387 
Roukau 154 
Rupture see Hernia 

Saccule of ear GOa 607 620 
Sacrum SO 43 44 132 
Sacs air 285 greater and lesser of pen 
toncum 368 
Sagittal plane 37 
Sal ne solution 16a 

Saliva composition of 313 344 functions 
of 346-318 secretion of 344 34 j — as a 
conditioned reflex 520 521 
Salivary amylase see Ptyabn 
Salts 11 depletion of 160 essential 421 
Salvaisan 1^ 

Saniorio Santono 401 
Saphenous opening 231 
Sarcolemma 79 824 
Sarct plasm 79 
Saturation ot color 593 599 
Scab of inn<T ear 607 608 
Scapula 30 59 
Scarlet fever IDO 193 
Schafer method of artificial respiratinn 
303 309 

Schecle Karl ^V 279 280 
Sclerotic coat 565 566 
Sent osis 46 
Scurvy (scorbutus) 428 
Seasickness 365 

Secondary sex charactenslics 638 648 658 
Secondary shock see Shock surgical 
Secretin 371 

Secretion apoenne 648 of bile 376 gas 
trie 361 364 of intestinal glan Is 382 
583 of milk 647 pancreatic 571 sail 
vary 344 345 of seminal ves clcs 654 
of sweat 401 402 447 of urine see 
kidneys 

Segmentation ol bvum 665 667 
Segmenting movements of small intestine 
385 

Sella tuicica 52 53 515 
Semen 654 655 

Semiarcubr canals see Canal simicircti 
lar 

Seminal vesicles 652-654 testosterone 
and ^7 

Sensation 460 461 of cold 500 627 

cutaneous 625-628 of hearing 609 
610 of heat 500 620 627 intensity of 
461 kinesthetic (muscular) 494 — center 



ol 500 — paihivay for 472 olfactory. 
500 GJl~OSi of pain 49i 626 B27 of 
piich CIS 614 C15 protucilvc function 
of 1% receptors of 4j9 4G0 (actsk (of 
toiidi) 191 500 6^6 G27 of taste S*i 
62j 

Sensory lemniscus 50'> 506 
Septicemia 177 

Septum SO of heart 201 nasal 280 
Serous membrane 327 see also 1*cncat 
dium Ptnioneum Pleura 
Serum 160 as blood substitute ICa 166 
Scrum albumin (32 

Serum globulin Ij2 antibodies and 19) 
lymphocytes anti 101 production of 
185 

Serum sidcnesi IDS 

Sex acresson organs of 638 639 632 655 
638— }i)pophMscctt>m> and CjS adrenal 
cortex anti hormones of 530 557 tie 
termination of 665 female organs of 
633ff 645 616 648 male organs e>f 633 
631 IT primary organs of 633 secondary 
cliaractenittcs of 638 CIS 638 
Sex chromatin 637 6C3 
Sex chromosomes 663 
Sheath of muscle 79 myelin 476 of 
ncnc fiber 435 of Sciiv>ann 455 
Shingles sef Herpes roster 
Shnenitg 401-40> 

ShoeV anapliybciie 193 cJcctnc as sum 
ulus, BG 87 hemorrhagic 193 irre 
scrsiblc and rcsenible 193 surgical 
193 

Shoulder blade see Bones scapula 
Side chain theory 192 
Signal magnit 81 Bj 
S inus 59 blofHl 533 carotid -15 271 
carernosus 229 conllncnce of 224 cor 
onary 223 269 cthm .id 51 2R^ 2SS 
frontal air 48 281 283 inferior wgti 
lal 228 229 mfracramal 228 229 
maxillary 56 282 occipital 229 para 
nasal 58 241 283 renal 13 1 ugmtld 
229 sphenoidal 232 straight 228 229 
superior petrosal 229 superior sagittal 
228 229 transserse 229 
Sinus nerse 2G1 
Sinusoids of liver 373 
Sue visual judgment of 5SG 5S7 
Skatole 546 

SLelctfin son appenthcttlar 37 axia! 37 
origin of, e67 
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SUn 445-449 color of 449 and control 
oi btjtly temperature 413, 449 etapora 
tion from ISO functions of 448 layers 
of 446 417 loss of ualcr through ISO 
pigment of 446 sense organs of 417 
4a9 tempetature ol 449 vitamin D in 
432 448 

Skull 4711 53-61 shape of 53 59 vieus 
of 43 49 60 61 

Sleep 520-^23 hypothalamus and 495 
522 metabolism during 394 422 neccs 
sary 522 theories of 522 523 
Smallpox 191 191 
Smelt 621-624 center for 500 
Sneering 300 
Sobbing 306 

Sodium and adrena) cortex 557 tn foods 
711 III urine 441 

Sodium bicatlHinate 151 187 301— and 
alkali resene 187— as buRcr 187 — in 
pancreatic juia 369 
Soitium chlon )e 5 7 
Sodium hydroxide 7 10 11 
SiMlium lactate 187 
Sodium taurochniate in bile salts 376 
Solutions acid II 12 alkaline II 12 
colloid 6 7 crystalloid 7 hyperttiiiic 
and hvpotomc 10 isotoiuc ii Ring 
ers 152 2j4 saline 16j true 7 
Sound 609 610 6)1 613 cbarancriiun 
of 6)3 miensiiy of 610 613 pitch of 
610 613 fjuahty of leeTimhrt 
Space cavernous of penis f 6 pkural 
287 popliteal 226 suharachni ul 515 
SIC subdural 516 

Space llighi pliyiiological probKinv of 
2"5 

Spastic constipation 388 
Spasiioiy 50 > 

Spatial (fiscnmmatlon 627 f'28 
Spauxiing 636 

Specific dynamic action 424 fn 
Spectrum 573 590 
Speecli Sir. 

Sperm see Spermaioroon 
Spermatocytes Cfil 

Speimatoroon 635 636 654 CSa cnnjtiga 
non with ovum C6I 662 life of 655 
maturation of 6j9 protluction of 6j4 
Spherical alierraiion 590 591 
Sphiflcrer 82 anal 111 3«” of bla Ider 
(mical) 411 cariliac 3 j 0 355 ileucobc 
380 pyloric 5-.7 urethra 111 441 
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SpIitngomjcJin 412 

Spinal conj S9 47011 columns of 503 as 
conducting pathway 471 474 mem 
bran« (meninges) of 514 51“ ncn« 
of 473-475 as reflex center 466 467 
tracts of see Traa 
Spinal dcfoTmlties 46 
Spinal ncr>e roou 474 475 
Spindle GOO 

Spine nasal 57 o* ^pula 5!> of verte 
brae 40 

Spirilla 189 190 
Spirochetes 189 190 

Spleen 17I(T 331 functions of 171 in 
liemorrhage ICi at high altitudes ICO 
structure of 171 
Splenic pulp 171 
Sponiancout gencraiion 631 
Spots bbnd 581 582 hot touch etc In 
skin C26 

Squamous cpithcl um 20 
Squamous part of tcmponl bone 50 
StatrOM phenomenon see Treppe pho> 
nomenon 

Staircase* of inner ear 607 COS 
Stapes GOl COa CIS 
Staphylococa 189-191 
Starches 13 329-331 331 animal see 
CI)COgen d gestiun of b) salna 340 
347 molecule of 336 soluble 317 
Sicapsin 369 371 
Stenosis 2(2 
Siercobihn S~5 fn 386 
SitrcoscDpe 5^6 
Siercosci pic Msion 585 586 
Sternum 30 44 143 
Stcri id hormones 6j7 
Steroids of adrenal cnitrx 556 
Sterols 377 fn 412 

Stimulus 16 condilionetl 51U '20 tn 
tensity of B7 masimal 8" mi imal 
87 ihrrsholl 8" unconditioned 519 
Sinmach 222 333 33( 3 6 5 j 7 dispensa 
bility of 361 moicmcnts of 3G3 361 
33" ulcer of see Gastric ulcer' tn som 
lung 361 x ray of 3 j 6 
Strabismus 539 
Streptococci 189-191 
Stfcplomyces 107 
Screptomscin 197 I9S 
“Sitt Ic " see Cerebral hemorrhage 
Stroma 640 


Subarachnoid space 5(6 
Sublingual gland 312 343 
Subiuxaiion 77 
Submandibular gland S42 S45 
Submucosa 3“^ 3“8 
Substantia tiigra 492 493 
Substrates 338 359 
Succus eniericus 333 
Suciase of Intestinal juice 383 
Sucrose 329 403 action of sucrase on 
383 

Sugar 329 SSI of blood see Blood sugar 
cane see Sucrose malt see Maltose of 
milk see Lactose oxidation of 26 use 
of in exeitfsc 318 319 see also true 
lose Gluaise Pintose etc. 

Sulcus 496 
Sulfa” dmgs 19S 197 
Sulfadiaiine 197 
Siilfapyiidine 19f 
Solfat! lan le 1‘to 197 
Sulfur In urine 441 
Summation of roniraeil ns M 89 
Siinbutn elTert on cutaneous vessels 268 
Sunstroke 40 > 406 
Supra rbiial margins 43 
Suprarenal see \dirnal gland 
Surface area of boll) 397 
Suture* coronal 74 lamWod 74 lagit 
tal 74 of skull 53 74 
Sieall suing see Dcgluiinalion 
Sweating 401 402 447 
Sympathetic see Autonomic nersous sys 
lem 

Sympatldn 262 

Sympaibo-ailrcnal iisiem 52“ 528 

Srinphysii pubis 66 MO 643 

Synapse 91 463 4M 

Synaptic ktii 1 s 463 

Synovia 74 

SvnovSih 77 

Syphilis 100 191 |06 

Swtole 237 238 

Tadpt Ics thyroid experiments on 552 553 

lail human 673 

Talus 72 73 

Tars IS 50 72-74 

Tartar emetic 565 

Taste 621 62 j 

Taste buds 621 

Tears 563 



Tectum -192 

Teetli 56 SjO-55i decay of see Dental 
canes origin of enamel of 526 
Tegmentum •1!)2 -lOS 
Te}en«phaIon see Cerebrum 
Telophase see \Uiosis (Fig 4917) 
Telephone theory 614 
Tdophore see Mitosis 
Temperature of body see Body leiapera 
lure ccniigradc and Fahrenheit scales 
comparccl 706 cnucal 403 ensiion 
mental 399 — effect of metabolism on 
391 

Tendo calcaneus (tendo AthUlis) 81 ISa 
136 

Tendons 39 central ol diaphragm 110 
143 287 conjoint 107 
Tentorium ccrcbelti 515 
Terramycin 197 

Testes (testicles) 638 6al 652 unde 
scenUed 109 

Testosterone C54 656 657 
Tetanus 83 89 560 fn 
Tetanus baeilUis 190 
Tetany 533 534 spasm of glottis in 315 
fn see also Ilypopanthyrt idism 
Thalamus 491 493 494 50 j 506 and 
awareness 502 and consciousness 491 
602 disease of 495 pain and 491 
Theca 39 

Theca externa and mtema of Cnafian 
follicle 640 
Theelm see Estrone 
TTienar eminence 125 
Theobromine as diuretic 442 
Thermal equiialents see Heat equlsalcnls 
Tljiamlne 425-427 

Thorax 3l movement ol In rcsimlios 
290 291 see also Bones nbs sternum 
vertebrae 
Threonine 4l4 
Threshold stimulus 87 
Threshold substances 439 
Thrombin 161 
Thromliocvtcs 151 177 
Throitiboplasiin 161 
Thrombosis see Coagulation t f I IoikI in 
Iravascular cerebral 206 coronary 206 
2G9 

Thymine 417-420 
Thymus 531 
Thyroglobulfn 546 
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Tliyroid gland 404 531 53 j 546tr ex 
pciimenis on of lower animals 632 
SoS and fac metabolism 413 function 
of Sal histology of 550 regulation of 
Secretion ol 547 
Thyroidectomy 54S 549 
Thyrotoxicosis 551 532 
Thyroxine 546 547 551 and catbohy 
drate metabolism 411 
Tibia 30 70 71 73 
Tjgroid substance 454 4i>5 
Tsmbre 610 C13 of voice 315 
Tissues l8ff adipose (fatty) 18 22 23 
aveolar 22 21 cartilaginous 22 con 
neeme 21 22 elastic 22 21 cpiihclu! 
18 erectile 616 fibrous 22 24 granu 
lation 21 hemopoietic 22 irritable 
2a lymphoid 173 183 muscular 18 
none 16 neurcglial 22 osseous IS 
22 osicoid 31 3 j of ovary 610 
ol spleen 172 subcutaneous, 447 thy 
rmd 5!G 5,>0 

Tone of cardiac nerve 261 of Intestines 
32a of smooth muscle 325 of stomach 
32 j of urinary bladder 32 j 
T ongue 231 Sit 342 papillae of 624 
taste areas of 62j two point discrimi 
nation by 627 628 
Tinsii 341 
Tonus see Tone 
Tooth see Tcclh 
Toothache 352 
Tophi 420 

Torcutar Ilerophili 228 

Torricelli Evangelista 294 

Toxin 21 191 192 

Toxoids 194 

Toxophore group 192 

TrabccuUac of bone 34 of spleen 171 

Trachea 213 280 281 283 

Traeheotomy 315 fn 

1 ract alimentary (digesinc) 34'’n of 
brain see j/eci/'c names definition of 
454 hypothaUmicohypophyscal 495 
optic 5K respiratory 2’’0ff soliiary 
513 of spinal cord — corticospinal (py 
ramidai) 472 473— spinocerebellar 472 
473— spinothalamic 473 
Traaas soheanus 513 
Transfusion I6f of bfood 1C6 167 of 
blood substitutes 163 166 of Rh 
positive blood 163 169 
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Transtersc plane, 37, 38 
1 laumatic shock, see Sluick, surgtnl 
Treppe phenomenon, in lican niii^ck. 

23S. m skeletal muscle, 88, 89 
Tng!)cende, 330, 411 
Tnolein, 330, 411 
Tnpalmiiln, 330. 411 
Tristcann 330, 411 
Trochanters, 69. 70 
Trochlea oC humerus, 60 
Trophoblast, 666 
True pehis, 68 
True Tibs, 43 
True skin, see Dermis 
Trjpanosomcs, 189 
Tr)psin.339,369 370 
Tr)ptophan. 330,414.417 
Trjsinogen, 371 

Tube 52, auditory (Eustachun). 144. 282. 
&Xt. 612, 613, utenne see Tallopian 
tubes 

Tubercle 39, of palatine bone, 53, of 
Trbs 44, of (ibta 71 
1 ubcrele baallus 190,191 
Tuberculosis 191. 193 
Tubcrculum selIae,52.S3 
Tuberosity, of humerus, 61, of ischium 
66 67 of radius, 63. of tibia, 71. of 
ulna 63 

Tubule, of dentine, 350. of kidney 436- 
438 — rcabsorption from. 438, 439, semi 
niferous, 532. 633 
Tunics ol arteries, 205 
Turkish saddle, see Sella turoca 
Twins. 664 

T>mpanum, see Ear, middle 
Typhoid baallus, 190, 191 
Typhoid feier, 191 
T^tamine 386 
Tjrosine, 386 414,417 
"Tysotbivon, V97 

Ulna 30 62-64 
Ultramieroscopic. 418 fn 
Ultraiiolet Ta)s. 573 aniirachitic aamn 
of 452 

Umbilical cord 670. 075 
Umbilicus. 336, 670 
Uncus, 500 

Unipcnnate muscle. 81 
Unit, of hrer (hepatic). 373. lung, 285, 
motor 467 fn 
Uniiersal donor, 167 


Uracil, 418. 419 

Urea. 415, 416. 433, 441, In blood. 151, 
as end product of protein metabolism. 
415, 416. in muscle, 94. m unne, 441 
Uremia, 440 

Ureter. 221, 222. 431. 435. 443, 653. pchis 
of, 435 

Urethra, 444, female, 145. 643, male, 6.2, 
653 

Unnation, see Mictuniion 
Unne, aadity of. 187, 410 compcsitioii 
of, 440, 441— in sleep 440, concentra 
non of. 438, 441; dail) quaiuiiy of. 440 
secretion of. 454If— m sleep, 440, sup 
pression of. 440 voiding of, 444. 413 — 
insoluntarv, 443 

Uterus 221. 368 639, 612, groirih of. 614 
613. inioluii'on of. 677, in labor 675 
676 ligaments of. 6(2-644, in mtn 
sirua) cycle, 630 

Utricle, 603, 607, 619, in seasickness 565, 
619 

Uvula, $40 

Vaccination, 191, 191 
\acancs. 104 
\acuoIe, 17, 18 

\agina 143 639, 643 616, in labor, 674, 
tesiibiile of, 613 
kaline. 414 

Valves ainoicntncular— mitral, 236 — tn 
cuspid, 236, of Heutcr, 374 ileocolic, 
3^0, incompetent. 212. ol lymphatics. 
181 semilunar— aortic. 233— pulmo 
nary, 236 of veins 208 
Valvulae eoniviventcs, $79 
\an Heimont, Jean Bapiiste, 631 fn 
3ane(»cvtins 233,234 
\ as deferens, 652, 633 
\ ater, ampulla of, 369 374 
\«av. 149 20Q. 2Q-, 208. 228(1, of ah 
domen, 234, of dorsum of hand 230- of 
head and neck 228^0, of heart 
muscle. 228 of lower hmb 231. 233. 
234. of pelvis. 231, of skull bone, 22S 
of thorax. 252, of upper hmh. 252, 253. 
varicose, 235. 234 

\eins specifically named anterior faaal, 
230 232 anterior jugular. 232, anicnor 
tibial 231. azygos 232. basilic. 230. 233. 
hradiial 252 cephalic, 230. 233 cere- 
bral. 223, diploic. 228 external jugular. 
230. 232: external iliac, 234. Icmoral, 



231 hepatic 2S4 373 inferior hernia 
z>g>s 232 inferior mt.-scmtric 231 jn 
icnial ]iigular 213 2-’9 230 iiiunial 
mammar) 232 intracranial 221 long 
rapheuouj 2S{ 233 maxillary 230 232 
meiUan antebrachial 233 ucapital 230 
popliteal 231 234 portal 234 posterior 
auricular 230 232 posterior external 
jugular 230 232 posterior libul 234 
pulmonary 20S 210 272 radial 2M 
renal 222 434 4Sa 437 short saphe- 
nous 231 233 splenic 234 stibcla\lan 
233 sublobular of Iher 873 superiidal 
233 superfiaal temporal 230 232 lu 
perior hemiar^gos 232 superior mosen 
teric 234 ulnar 232 umbilical 670 
\ena ca\a inferior 202 208 234 236 2o6 
6"0 superior 202 203 232 236 2 jC 
670 

3enae comitantes 232 
Ventricles of brain 491 S16 517 of 
heart 202 203 
Venules 209 

V ertnilonn appendix 334 380 ttiflamma 
lion of see Vppen t ciiii 

Vermis of cerebellum 507 
Vertebrae cervical SO 41 42 coeevgeal 
43 lumbar 30 4“’ 43 thoracic 30 42 
43 

Vertebral column 31 39if curves of 4^ 
(lefomiuics of 46 

Vessels see Vrteriw Vricnoles Veins etc 
Vestibular (Rcissncrs) membrane 60/ 
003 

V esiibular organ rre Saccnle Utricle 
Vesnbulc of ear G0> 607 of larvnx 514 

of mouth 340 of noK 281 of vagina 
Ota 

\illi arachnoid 516 chorionic CCS of 
fnicstinc S"9 382 

V Iruscs 188 

Vis medicatrix naturae 195 

V iscosity of blood 151 23a 24a 

Vision 56lfr binocular 584 585 cenrer 
fur in cerebral cortex 501 57” color 
590/1 contrast c/Tecis «)1 dcficis of 
59QfI f eld of 581 foseal 571 near anil 
far see Eye accorniiuidaiion of periph 
eral 5G" 5G8 stereoscopic 58a 586 

V isual purple see Rho<l ipsm 
\ ital capariiv S^O 

Vitamins 421-133 antihcmorrhagie see 
Viiamm K. antlneuntic ((hiamme) 
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425^2" antirachitic see Vitamin D 
aniiscurbuiic see V itaniin C ami 
sieillUy see \ ilamin E antixcrophthal 
mic see V itamin A defiaencics n. 
quirements sources, etc., 430 431 

^able) as dietary essentials 421, syn 
thesis of fn intestine 336 and the 
tcRh 553 

Vitamin A 425 42fi 648, in production 
of rhodopiin 569 

Vitamin B romplex 190 197 fn 426-423 
64S B( see Thiamine Bi see Ribo- 
flavin B, see Pyridoxinc B„ 157, 426 
see also Biotin Folic aad para 
aminobentoic add 
Vitamin C 42s 429 643 
Vitamin B 423 429 432 643 D 432 D, 
432 

Vitamin E 42? 432 

Viiamm k IQO 42a 45” 433 6"7 

V itreous boily 5 6 

Vocil cords 314-316 

Voice see Phonsnon 

\omer see Boors 

Vomiling 3Ct 56a 

Von Frey s hairs f25 

Vulva 64a 

Waller Augustus 475 476 
Waste products m blood 152 in urine 
410 

Water absorpiion of from digestive tract 
384 of blood 151 of IhkJj 151 17 J 
180 daily output of 180 defriuli a 
of 180 nscnlial in dirt 4”! 422 

evaporation of from boily 401 40” 

formula of U ingestion ol 4”l intaWc 
of 179 180 loss of frem body 180 
mstabolsmof 179 — vdrenal cortex anil 
5j7 oxygen abs« rption by 148 149 

passage of across membranes 9 pit if 
it leabsi rpti n of from renal tubules 
439 of tissue rec Fluid tissue 
Wsiicr balance 179 
Wafer depleiion 180 
Waier vapor m air 2% in b1 xnl 20^ 
Waves bran '’Of I gbt see Raw pin 
staliic Sjj 303 58j souml OO*! CIO 
CU Ci6 

Wear an 1 Icar of boily protein 416 
Weight standard by height age an 1 
sex 7(4-713 

Wci^ts and measures 701-705 
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Ulicat composiuon of 331 proteins of 
4J6 417 

\\hitc mailer of cerebellum 507 of 
ttrebrum 497 of spina! cord 434 470 
472 

WTiipple C H 158 

Windout oval CCb C06 609 617 round 
6Cb 606 609 611 612 617 
W indpipe see Trachea 
Winepress sec Sinus conOucnccof 
WiTsungsdutt see D ict pancreatic 
Worl deGnilton 9^ 93 
Wnst dropped 4S2 

\. chroioosoraes 664 
Xanihophoics 539 


Xerophibatniia 423 
Xiphoid process 45 

Y chromosomes 664 
Yawning 306 
\casi enr^mes of 337 
Yellow bod) sec Corpus luieuin 
Yellow spot see Macula luiea 
Yellow spot of retina 569 
Yolk sac 666 667 

Zein 416 417 

Zinc, as dietary essential 422 in insulin 
410 

Zollners lines 548 

Zygote 662 663 segmentation of 663 



